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The Middle Cambrian Langston and Ute formations were studied in 
the northern portion of the Bear River Range and the south-central 
part of the Portneuf Range in southeastern Idaho. 
The rocks of the Langston and Ute formations were divided into 
17 different rock types. The 17 rock types were formed within four 
recognizable lithofacies: I) Shoal - or Coastal -Peritidal Carbonate 
Complex; 2) Agitated Shoal; 3) Inner Marine Shelf ; and 4) Outer 
Marine Shelf. Clastic sediments belonging to the Spence Shale Member 
of the Langston Formation (outer marine shelf) were deposited over 
the carbonate complex . A transgressive sequence marks the base of 
both formations . 
Paleomagnetic evidence suggests that during the time of the 
deposition of the two formations, the study area was located near the 
outer reaches of an equatorial epeiric sea. Clay mineralogy of 
insoluble residues suggests a warm, humid, tropical climate. 
Eogenetic diagenetic features include compaction, cementation, 
aggrading, and degrading neomorphism, birdseye structures, and 
initiation of dolomitization . Mesogenetic diagenetic features 
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include dolomitization and pressure solution. Telogenetic diagenetic 
features are confined to fracturing and subsequent calcite infilling, 
and the oxidation of pyrite. 
Massive dolomitization in the northernmost section is believed 
to be the result of a downward flux of fluids originating as 
hypersaline brines. The nonconformable lower contact, conformable 
upper contact, the vertical and lateral extent of dolomitization, and 
the general association with coastal-peritidal facies have led to 
this conclusion. Two other subordinate types of dolomite are 
believed to be the result of: 1) the release of magnesium caused by 
the decomposition of magnesium-rich organic matter; and 2) the 
formation of a secondary ferroan dolomite as Fe/Mg ratios in the 
precipitating fluids increased under reducing conditions . 
(217 pages) 
INTRODUCTION 
The Langston and Ute formations in southeast Idaho form the 
lowermost carbonate units in the Cambrian sequence of the study area. 
In the study area, which is located in the northern portion of the 
Bear River Range and the south-central part of the Portneuf Range, the 
Langston and Ute formations are conformably underlain and overlain by 
the Geersten Canyon Quartzite and Blacksmith Formation, respectively. 
Although the stratigraphy of the Middle Cambrian in north-central 
Utah and southeastern Idaho has been studied for many years, detailed 
environmental interpretation of the stratigraphic sequence has been 
lacking. This study represents an attempt to determine environments 
of deposition through detailed petrography and facies analysis. Such 
a determination will enable a better understanding of Middle Cambrian 
depositional environments and patterns for the western continental 
margin. 
Objectives 
The objectives of this study were threefold: 1) to determine the 
environments of deposition; 2) to determine the paleogeographtc 
setting; and 3) to determine the order of diagenetic events with 
emphasis on dolomitization. 
Location of the Study Area 
The measured stratigraphic sections all lie within the Preston 1° 
x 2° quadrangle of southeastern Idaho and western Wyoming (Oriel and 
Platt 1980). Section 1 is in Franklin County, Sections 2 and 3 are in 
Caribou County, and Sections 4 and 5 are in the northwestern portion 
of Bear Lake County. The northern boundary is 42° 38' N latitude and 
the southern boundary is 42° 09' N latitude, a distance of 45 
kilometers. The western boundary is 111° 59' W longitude, and the 
eastern boundary is 111° 27' W longitude, a distance of 35 kilometers. 
The study area covers 1,575 square kilometers. Within the study area, 
the Langston and Ute formations are only moderately well exposed. 
Four of the five measured stratigraphic sections are located in 
the NNW-SSE-trending Bear River Range. The exposures of the Langston 
and Ute formations generally have a dip that is toward the axis of the 
Logan Peak Syncline. Figure 1 shows the location of each measured 
stratigraphic section. 
The remaining section (Section 3) is located in the Portneuf 
Range. The Portneuf Range trends NW-SE, and lies west of the Bear 
River Range. 
Sections 1 and 2 were measured along NNW and N-NW facing slopes , 
respectively. Sections 4 and 5 were measured along south-facing 
slopes, and Section 3 was measured along a west-trending mountain 
ridge. 
All five sections exhibit some degree of soil and/or vegetation 
cover. United States Forest Service, county, or private roads provide 
good access (depending on type of vehicle) to all the measured 
stratigraphic sections. 
Geologic Setting 
The dominant topographic features within the study area are the 
northern portion of the Bear River Range, in the east, and the south-
central portion of the Portneuf Range in the west. The two mountain 
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FIG . I.-- Map showing outcrops of the Langston and Ute formations in 
northernmost Utah and southeastern Idaho. Circled numbers 
indicate measured stratigraphic sections (adapted from Oriel 
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ranges are separated by Gem Valley, which may be a broad, deep graben 
(Mabey and Armstrong 1962; Oriel et al. 1965). Portions of Gem Valley 
are filled by Pleistocene basalt and Pleistocene lacustrine sediments 
(Bright 1963). Both the northern portion of the Bear River Range and 
the south-central portion of the Portneuf Range are complexly faulted 
homoclines of eastwardly dipping Paleozoic rocks (Oriel and Armstrong 
1971). 
Field and Laboratory Methods 
Sections were located using geologic maps of the Preston 1° x 2° 
Quadrangle (Oriel and Platt 1980), of the Soda Springs Quadrangle 
(Armstrong 1969), of the Bancroft Quadrangle (Oriel 1968), and of the 
SW 1/4 of the Bancroft Quadrangle (Oriel 1965a). The field work was 
conducted between June 17 and October 10, 1983. Sections usually 
required three or five days to measure, describe, and sample. A total 
of 12 possible stratigraphic sections were reconnaissanced, and 5 were 
selected to be measured, described, and sampled. The main obstacles 
with respect to selecting a suitable section were amount of section 
exposed, especially the shaly units, and faulting. 
All sections were measured with a Brunton compass, Jacob's staff, 
and metal tape according to the methods described by Krumbein and 
Sloss (1963), Compton (1962), and Kottlowski (1965). Field 
descriptions included: attitude, exposure, nature of contacts, 
topography, thickness, rock type, texture, color of both fresh and 
weathered surfaces, bedding, organic and inorganic features, cross and 
parallel laminations, fracturing, and nature of dolomitization. 
A rock color chart (Goddard 1963) was used to determine fresh and 
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weathered rock colors. Average bedding thicknesses were recorded 
using the following scheme (Buterbaugh 1982): thin-bedded = 1-5 em; 
medium-bedded = 6-25 em; and thick-bedded = > 25 em. Thicknesses of 
shale lamination were classified according to Potter et al. (1980). 
Sampling of measured sections was accomplished as follows: (a) 
samples were collected within every recognizable subunit, and more 
than one sample was collected from units exhibiting gradual vertical 
and/or horizontal changes in lithology; (b) subunits exhibiting 
horizontal changes in lithology were reconnaissanced from 50 to 100 
meters on either side of the measuring line for additional samples; 
(c) in units 30 meters or more thick that appeared homogeneous, 
samples were taken approximately every 10 meters; (d) units between 5 
and 30 meters thick were sampled approximately every 7 meters; (e) one 
or more samples were collected from units less than 5 meters thick, 
depending on vertical and/or horizontal changes in lithology. 
A total of 214 samples were colle~ted; 265 thin sections were 
prepared, one from every collected sample, and more than one thin 
section from some -selected samples. All thin sections were stained 
with Alizarin-redS in order to differentiate calcite from dolomite 
(Friedman 1959). In addition, two samples were stained with a mixture 
of Alizarin-redS and potassium ferricyanide in order to distinguish 
iron-rich from iron-poor calcite and iron-rich from iron-poor dolomite 
(Friedman 1959). 
Polished slabs were prepared from every collected sample. 
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Acetate peels were prepared from 17 samples to aid in interpretation of 
original depositional textures. A binocular microscope was used in 
the examination of the polished rock slabs and acetate peels. 
Thin sections were examined using a Zeiss petrographic microscope 
as outlined by Wilson (1975, p. 60). One thousand points per slide 
were counted on the first 10 thin sections in order to prepare 
accurate rarefaction curves. The rarefaction curves leveled off near 
300 points per thin section with an error estimation of approximately 
: 3 percent. It was then decided that 400 points per thin section 
were satisfactory. All thin sections from Sections 1, 2, and 3 were 
point-counted, with visual estimations recorded before point-counting. 
Sections 4 and 5 were visually estimated, with every 15th thin section 
point-counted to insure and check accuracy. A white paper diffuser 
modified from a technique developed by Delgado (1977) was used to aid 
in the interpretation of original depositional textures in those 
samples where recrystallization had taken place. 
In order to concentrate the noncarbonate minerals present in the 
carbonate rocks and shales, a 10 percent (v/v) hydrochloric acid 
solution was added to a 30 to 50 gram powdered portion of each sample 
for insoluble residue analysis as described by Krumbein and Sloss 
(1963). The 10 percent HCl solution was added three times to each 
sample to insure that all carbonate was dissolved; the exhausted acid 
solution was siphoned off each time. The insoluble residue was then 
rinsed three times with deionized water and allowed to air dry 
completely before weighing. 
The mineralogy of the insoluble residues was determined using 
copper ~radiation on a Siemens Krystalloflex IV x-ray 
diffractometer. All samples were analyzed using an oriented slide 
method, and scanning was performed from 2° to 35° 2 g at 2° 2Q per 
minute. The preparation of the oriented slides were accomplished by 
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grinding the insoluble residues until the powder passed through a 115 
mesh sieve. A method of quartering was utilized to obtain an 
appropriate sample size. A water-powder slurry was then prepared, 
placed on a glass slide, and allowed to air dry. 
All samples were scanned twice from 2° to 10° 29 and from 2° to 
15° 29 in order to distinguish clay minerals. First, all samples were 
exposed to ethylene glycol vapor for one hour at 60°C to distinguish 
the montmorillonite group from chlorite and vermiculite clay minerals. 
The process expands the montmorillonite structure from 15~ to 17~ but 
does not disturb chlorite or vermiculite {Carroll 1970) . Second , all 
samples were heated to 550°C for at least 30 minutes in order to 
collapse the kaolinite structure, if present. This process allowed 
for the differentiation of the kaolinite-chlorite peak {Carroll 1970) . 
From the data obtained from measurements and from observations 
made in the field, polished slabs, x-ray analysis , insoluble residues, 
acetate peels, and petrographic examination of thin sections, a 214 by 
43 data matrix was developed using all samples versus 43 variables for 
cluster analysis. 
According to Flugel (1982, p. 386), the purpose for using 
statistical methods is to reduce the large numbers of items observed, 
which in turn makes the data to be interpreted more manageable and 
organized. The statistical test selected for this study was a Q-mode 
cluster analysis, and involves the grouping of samples based on their 
degree of similarity or dissimilarity. The computer program "Clustar" 
developed by Romesburg and Marshall (1984) was employed to run the Q-
mode analysis. 
The 43 variables measured from each of the 214 samples were 
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utiliied for the determination of a resemblance coefficient for each 
pair of samples. After the two most similar samples are paired, all 
resemblance coefficients are then recalculated, with the first pair of 
samples being viewed as a single sample. This process is continued 
until all samples have been paired. A cluster dendrogram or tree is 
produced which graphically demonstrates the similar i ty or 
dissimilarity of each sample. 
The possible weaknesses with respect to the use of this 
particular statistical test are threefold: 1) a variable -to -sample 
ratio of at least 1:4 is strongly suggested; 2) the determination of 
which variables are most important in controlling a cluster analysis 
is difficult at best; and 3) there is no test for the significance of 
the clusters. 
In this study, lithofacies were determined by cluster analysis . 
Each lithofacies is composed of several rock types which were 
determined using petrographic data, sedimentary structures , and data 
obtained from x-ray diffraction analysis. A concerted effort was made 
to reduce the possible weaknesses of the cluster analysis as much as 
possible. The variable-to-sample ratio was no lower than 1:4.9, and 
five different cluster analyses were performed on different 
combinations of variables. 
The data matrix and a complete explanation of each "run" of the 
five separate cluster analyses are provided in Appendix D. 
8 
PREVIOUS STUDIES 
The Langston and Ute formations were first identified and named 
by King (1878, p. 154 in Deiss 1938) during exploration with the 
Fortieth Parallel Survey in the Blacksmith Fork Canyon area, Cache 
County, Utah . 
Walcott (1908a, p. 8) first described the Langston and Ute 
formations in Blacksmith Fork Canyon while doing a general 
reconnaissance of northeast and central Utah. He later publ i shed a 
study of the sections and faunas after his initial work (Walcott 
1908b, c, d). Walcott (1908d) designated the type 1 ocal ity of the 
Langston Formation as Langston Creek and Ute Peak as the type locality 
for the Ute Formation. Walcott incorrectly identified the Spence 
Shale in all publications as the lower shale member of the Ute 
Formation, whereas in actuality it forms the lower part of the 
Langston Formation. Walcott (1908a, p. 8) described the Langston 
Formation as " .•. massive bedded, bluish-gray limestone with many round 
concretions." He described the Spence Sha 1 e as " ... arg i 11 aceous 
shales ... ," and the Ute Formation as " ... blue to bluish-gray, thin 
bedded, fine-grained limestones and shales with some oolitic, 
concretionary, and intraformational conglomerate layers." 
In 1913, Richardson studied the Langston and Ute formations in 
the Randoph Quadrangle near Garden City. He used essentially the same 
names and definitions as Walcott in 1908. In a study of southern 
Idaho, Mansfield (1927) continued the usage of the names and 
definitions presented by Walcott. 
Deiss in 1938 (p. 1116) stated that the Blacksmith Fork section 
described by Walcott in 1908 was " ... so brief, incomplete, and 
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generalized that the formations cannot be identified from them." 
Deiss proceeded to emend Walcott's definitions of the Langston and Ute 
formations and designated the type locality of both formations at 
North Cottonwood Canyon. Deiss still identified the Spence Shale as 
part of the Ute Formation. 
The first to recognize the Spence Shale as a separate member of 
the Langston Formation were Williams and Maxey (1941, p. 281). They 
described the Spence Sha 1 e as " ... a member of the Langston Formation, 
separated in normal sequence from the Brigham Quartzite by only a few 
feet of crystalline 1 imestone." They described the Langston Formation 
as " ... a sequence of shales, limestones, and dolomites that, though 
changing laterally to some extent, constitutes a satisfactory mappable 
(lithologic) unit," and the Ute Formation as: 
... thickly interlayed shales and limestones bounded 
below by the base of the lowest green shale member and at 
the top by the contact of the upper sandy limestone units 
with the Blacksmith dolomite. 
The Langston and Ute formations were described again by Williams 
in 1948 based on his previous study with Maxey in 1941. Maxey (1958, 
p. 669) concluded that the section on the north side of High Creek 
Canyon " ... is the best and most nearly typical exposure of the 
Langston Formation ... " and " ... the type localities at Blacksmith Fork 
are of abnormal development at the expense of the shale and limestone 
members." Furthermore, Maxey (1958, p. 671-672) recognized the 
definitions and descriptions of the Ute Formation by Williams and 
Maxey (1941) and Deiss (1938) as essentially correct. 
Riga (1968) believed that an unnamed shale member to the south 
and the Spence Shale Member to the north represented small regressive 
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tongues within an overall transgressive sequence constituting the 
Langston Formation. Riga also stated that the Ute Formation to the 
south is questionably correlated with the Lead Bell and Bancroft units 
of the Bancroft Quadrangle, Idaho (Ori e 1 1965a) to the north. 
The term Brigham Quartzite has been raised to group status: the 
Brigham Group. That portion of the Brigham Group which directly 
underlies the Langston Formation is the Geersten Canyon Quartzite, and 
has been adopted for this report (Hintze 1985). 
Oriel (1965b) attempted to use the names Langston and Ute in a 
study in the Portneuf Range, southeastern Idaho. In a later study, 
Oriel and Armstrong (1971, p. 20) stated that " ... the rocks contrast 
so greatly with those exposed in the Blacksmith Fork area in Utah that 
the names Langston and Ute are inapplicable." Therefore, they 
proposed that the term Langston be restricted to the dolostone member, 
the Spence Shale Member be designated as a tongue of the Lead Bell 
Shale, the lower member of the Langston be designated as the Naomi 
Peak Tongue of the Twin Knobs Formation, and the upper limestone be 
designated as a new formation, the High Creek Limestone. In addition, 
they proposed that the uppermost shale member of the Langston 
Formation be named the Cub Tongue and designated it as the lowermost 
member of the Ute Formation. Furthermore, they proposed to rename the 
Ute Formation as the Bancroft Limestone. Oriel and Armstrong's 
terminology was not adopted in this report. 
In 1976, Palmer and Campbell studied trilobite biofacies of the 
Middle Cambrian in the western United States. They concluded that the 
trilobite biofacies of the Naomi Peak Limestone and Spence Shale 
Members of the Langston Formation in northern Utah and southeastern 
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Utah were remarkably similar the trilobite biofacies found within the 
Carrara Formation of southern Nevada. 
Buterbaugh (1982) studied the petrology of the Langston Formation 
in north-central Utah and southernmost Idaho. The objectives of his 
study were: (a) determination of depositional environments; (b) 
paleogeographic reconstruction; (c) and determination of the order of 
diagenetic events with emphasis on dolomitization. Deputy (1984) 
performed a study on the petrology of the Ute Formation in the same 
area with the same objectives as Buterbaugh's study. The lithofacies 
recognized in their studies included: (a) Upper Peritidal; (b) 





A carbonate rock is defined as a rock containing 50 percent or 
more carbonate (Leighton and Pendexter 1962). A dolostone and a 
limestone are defined as containing 50 percent or more dolomite or 
calcite, respectively. The modifiers "calcareous" and "dolomitic" 
refer to calcite or dolomite concentrations of less than 50 percent 
but more than 10 percent and are not the dominant carbonate mineral 
within a particular sample. A mineral other than dolomite or calcite , 
such as quartz, that is present in a carbonate rock with a 
concentration greater than 10 percent is given the following 
terminology: quartzose, calcareous dolomite. 
Carbonate rocks were named according to the depositional textural 
classification of Dunham (1962). Mudrock classification follows 
Potter et al. (1980}, and sandstone classification follows Folk (1968) 
and Mount (1985). 
Allochems 
Friedman and Sanders ( 1978, p. 554) defined an a 11 ochem as " ... a 
general term for any kind of sand-sized or larger particle, in 
limestones, that was derived from within a basin of deposition." In 
this report, the term allochem is divided into four categories: 1) 
ooids; 2) pellets and peloids; 3) intraclasts; and 4) fossils. 
Ooids.--Ooids are spherical or subspherical carbonate grains with 
average dimensions ranging predominantly from 0.25 mm to 1.00 mm and 
are characterized by an internal concentric structure (Simone 1981). 
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Ooid type grains with a diameter in excess of 2.00 mm are generally 
termed pisoliths. Pisoliths are distinguished from oncoliths by their 
unbroken concentric structure and implied non-algal origin. In this 
study, ooid growth approached, but never surpassed, 2.00 mm. 
Pellets and Peloids.--Friedman and Sanders (1978, p. 50) defined 
pellets as sand-sized spherical or ellipsoidal shaped particles of 
calcium carbonate that lack any internal structure and are fecal in 
origin. Peloids resemble pellets, but no reference to origin is made. 
Peloids may originate from intraclasts, pellets, skeletal components, 
or from ooids (Pettijohn 1975). 
Intraclasts.--Intraclasts are recycled fragments of coherent 
sediments, and have many different sizes, shapes, and components 
(Friedman and Sanders 1978, p. 53). 
Fossils.--Remnants of once-living organisms are termed fossils. They 
may form allochems in the form of fragments or of whole assemblages. 
In this report, the term fossil or fossil fragment refers to 
unidentified fossil remains. Figure 2 shows a typical sample composed 
of fossils and intraclasts. 
Burrows, Bioturbation, and Mottling 
A burrow (Fig. 3) is a form of trace fossil, and is defined as 
the excavation made within unconsolidated sediment by an organism 
(Frey 1975, p. 44). 
The reworking of a sediment by organisms is termed bioturbation 
(Friedman and Sanders 1978, p. 56), and may result in the complete 
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FIG. 2. -- Photomicrograph of unidentified fossil fragments 
(ff}, crinoid fragments (cf), trilobite fragment s 
(tf), intraclasts (in). Geopetal structure (g s) 
in center. (Width of view= 1.83 mm; with cro ssed 
polarizers, sample number MCl - 17) 
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FIG. 3.--Photomicrograph of burrow partially infilled by 
mosaic cement (arrow). (Width of view= 1.83 mm; 
with crossed polarizers , sample number MCl - 24) 
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destruction of all recognizable stratification. Bioturbation is 
commonly the result of extensive burrowing. 
Mottling is a textural term which is used with reference to an 
irregular, splotchy arrangement of two contrasting types or colors of 
sediments (Friedman and Sanders 1978, p. 566), and is commonly the 
result of burrowing. 
Cryptalgal Structures 
Aitken (1967, p. 1163) defined cryptalgal sedimentary rocks, or 
rock structures, as those rocks whose origin is believed to come from 
the sediment-binding and/or carbonate -precipitating activities of 
nonskeletal algae. He assigned ·the modifier 11 Cryptalgalaminate11 to 
represent the discontinuous distinctive form of approximately planar 
laminations that result from the activities of successive mats or 
films of blue-green and green algae. Algal stromatolites, as defined 
by Logan et al. (1964, p. 69), are 11 •• .1aminated structures composed 
of particulate sand, silt, and clay-size sediment, which have been 
formed by trapping and binding of detrital sediment particles by an 
algal film. 11 The classification of algal stromatolites used in this 
report follows Logan et al. (1964). 
The term oncolite (Fig. 4) refers to a type of cryptalgal 
structure that is defined; as ~~ ... unattached, regularly spheroidal, 
concentrically to semiconcentrically laminated bodies of cryptalgal 
origin ... 11 (Aitken 1967, p. 1163). 
Bedding and Laminations 
Bedding as used in this report is taken after Pettijohn (1975, 
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FIG. 4. -- Photomicrograph of onkoid. Note the 
semiconcentric laminations (arrow). 
(Width of view= 3.5 mm; with crossed 
polarizers , sample number MCl-41) 
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p. 102) and is defined as " ... general tabular or 1 ent icul ar form that 
have some lithologic or structural unity and are thus set off from 
other strata with which they are interleaved." Pettijohn (1975, 
p. 102) places the lower limit for thickness of a bed at 1 em. 
Laminations are beds with thicknesses of less than 1 em and were 
classified in this report according to Potter et al . (1980) . 
Tempestites 
Tempestites are storm deposits that are geologically common 
events (Seil acher 1982). The effects as described by Seil acher (1982, 
p. 162) are : 
... 1) That they reflect the onset, culmination, and 
waning of water turbulence during the event by distinctive 
erosional and depositional structures; 2) that they 
redistribute the organic and inorganic sediment material 
along a vertical (bottom to top) and horizontal (shallow to 
deep) gradient; and 3) that they change the ecological 
situation for benthic organisms by altering the consistency 
and/or the food content of the bottom for a biologically 
relevant period after the event . 
The symmetry of a tempestite deposit separates it from other turbulent 
events such as turbidites and inundites. This unique symmetry is 
caused by the approximately stationary and wave-dominant nature of the 
turbulence of a tempestite deposit where lateral transport of sediment 
is subordinate. The symmetry, in the ideal case, is symmetrical in 
that there is as much erosion as deposition in the same spot 
(Sei 1 acher 1982). 
Dolomite 
Dolomite Type I.--Dolomite Type 1 is secondary; it consists of zoned 
euhedral, hematite- or limonite-rimmed, crystals of ferroan dolomite 
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(Katz 1971). 
Dolomite Type 2.--Dolomite Type 2 is secondary; it commonly replaces 
ooids, peloids, possibly some pellets, and laminated algal sediments. 
Dolomite Type 3.--Dolomite Type 3 is a massive dolomite with most, if 
not all, of the original depositional textures destroyed during 
dolomitization. In thin-section, Dolomite Type 3 appears as cloudy, 
anhedrally shaped crystals. Dolomite Type 3 crops out mainly in 




Seventeen different rock types (A -Q) were defined in the Langston 
and Ute formations using cluster analyses . Table 1 is a summary of 
the 17 different rock types. Complete descriptions are in Appendix A. 
Table 1: Summary of the 17 Different Rock Types Within the Langston 
and Ute Formations 
Rock Type A 
Rock Type B . 
Rock Type C 
Rock Type 0 
Rock Type E 
Rock Type F 
Rock Type G 
Rock Type H 
Rock Type I 
Rock Type J 
Rock Type K 
Rock Type L 
Rock Type M 
Rock Type N . 
Rock Type 0 
Rock Type P 
Rock Type Q 





wackestone or packstone 
recrystallized oolitic 









peloidal wackestone or 
packstone 
pelletal wackestone to 
grainstone 








INTERPRETATION OF DEPOSITIONAL ENVIRONMENTS 
General Statement 
Carbonate sediments originate in or near the environment of 
deposition. Therefore, in addition to the physical sedimentary 
parameters, the compositions of the sedimentary particles themselves 
are equally important when interpreting carbonate depositional 
environments (James 1979, p. 109) . 
In order to reconstruct the original depositional environments of 
the Ute and Langston formations in southeastern Idaho , modern 
carbonate environments are used as guidelines. Over the past 25 
years, modern carbonate depositional environments have been studied in 
the Bahamas - Florida platform, the Gulf of Batabano off southern Cuba , 
the Campeche Bank off Yucatan, the continental shelf of Belize, the 
Trucial Coast of the Persian Gulf, and the coasts of Western Australia 
and Queensland (Bathurst 1975, p. 93) . However, lithification and 
diagenesis may disguise or destroy a great deal of the useful 
information that can aid in interpreting ancient carbonate 
environments (Bathurst 1975, p. 138). 
The Langston and Ute formations were deposited in an epeiric sea 
(Lochman-Balk 1971; Palmer 1971; Maxey 1958). Shaw (1964) defined 
epeiric seas as the vast areas of sea that at one time encompassed the 
cratonic parts of continents. Friedman and Sanders (1978, p. 373) 
stated that epeiric seas are nowhere to be found in the modern world. 
Selley (1978, p. 173) presented two possible reasons why the use of 
modern shelf seas is difficult when studying their ancient 
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counterparts. First, at the present time, there are no large 
submerged horizontal shelf areas that can compare with ancient times. 
Secondly, present day shelves have been subaerially exposed during 
recent times due to glacially induced fluctuations in sea level, thus 
reworking the exposed sediments. McManus (1975) stated that modern 
sediments are not suitable examples for interpretation of ancient 
shelf deposits. However, Purser (1973) described the Arabian Gulf as 
a modern day carbonate shelf sea. In addition, Friedman and Sanders 
(1978, p. 373) stated that the Great Bahama Bank is the closest modern 
counterpart to an epeiric sea. 
Proposed Environments of Deposition 
According to Raymond (1975, p. 364), three criteria operating 
today may not be valid when making interpretations of depositional 
environments during the Late Precambrian and Early Cambrian time. The 
criteria are: 
... 1) Restricting habitats of algal stromatal ites to 
tidal flats; 2) differentiating tidal flat from subtidal 
environments through the presence or absence of vertical or 
horizontal burrows; and 3) using taxonomic diversity and 
abundance of organisms to discriminate between subtidal, 
intertidal, and supratidal environments. 
He argued that during Early Cambrian time new pathways to niche 
occupation developed as quickly as niches appeared; therefore, feeding 
types and relations to the substrate could only stabilize as fast as 
organisms and environments developed. James (1979) argued that 
carbonate-secreting organisms in the Precambrian do have modern 
equivalents. These organisms may not belong to the same phyla, but 
there are only two ways in which the hard parts are arranged: 1) as 
whole, rigid skeletons; and 2) as numerous individual segments held 
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together in life by organic matter. 
The most precise objective in the classification of depositional 
environments is to divide the entire depositional realm into useful, 
discrete, and consistently named categories (Crosby 1972). The 
environments of deposition proposed here for the Langston and Ute 
formations in southeast Idaho are: (a) peritidal carbonate complex, 
(b) agitated shoal, (c) inner marine shelf, and (d) outer marine 
shelf. Figure 5 is a summary of the environments and their features . 
Figure 6 is a summary of the cluster dendrogram in its relation to the 
different facies and rock types. Figures 7, 8, and 9 show the 
distributions of allochems, cryptalgal structures, tempestites, 
burrows, and their relations to the different facies and rock types . 
Peritidal Carbonate Complex.--Peritidal carbonate complexes are very 
common in the geologic record, and are defined as those carbonate 
rocks formed around the tidal zone (Wright 1984). Peritidal carbonate 
complexes can be divided into four zones: 1) areas that are 
continuously under water; 2) areas that are covered and uncovered by 
some tides; 3) areas that are covered and uncovered by every tide; and 
4) those areas that are only rarely covered by water. Zone 1 can be 
characterized as subtidal, Zones 2 and 3 as intertidal, and Zone 4 as 
supratidal (Friedman and Sanders 1978, p. 540). Ginsberg et al. 
(1977) related the different zones to percent of time of exposure 
rather than to their position. 
Buterbaugh (1982) referred to Zones 2, 3, and 4 as upper 
peritidal. In this report, Buterbaugh's definition of the upper 
24 























Fo .. ll Fracmenh Oolda, Pelleh 
and Trilobite and Pelolda 
Fracmenh 
Parallel to Wavy Parallel and 
to Nodular, Platy Crou- Stratlfl · 
to Fla&&J, Medl· cation 
um to Thickly 
Laminated with 
Burrow a 









Ooids, Pelleh, Peloid a, 
lntraclaata, Trilobite 














Silt, Mudatones / 
Mudatonea to Gralnatonea Wackeatones/ Pack· 
and CrJatalllne Carbonatee stonea/ Cryatalllne 
Dolostones and 
Cryatalllne Car . 
bona tea 
Ooids, Onkolda, Pellets, Intraclasts, 
Pelolda, lntacluh, Trilobite Trilobite Fr•'&mlenlls,l 
Fracments and Fonll and Fossil Fra&· 
Fracmenh 










FIG. G.--Distribution of cluster dendrogram in relation to 
~nvironments of deposition and rock types. Rock Types A and 
8 did not join with other rock types compris i ng the Coastal-
Peritidal Carbonate Complex due to a high dolomite content. 
Rock Types P and Q did not join with other rock types 
comprising the Agitated Shoal environment due to a high 
quartz content. The environmental relations of these rock 




Facies Aslt•ted Sho•l· co .. t.l-outer Sho•l Perltld•l Inner Perltld•l 
M•rlne c.,bon•te M•rlne C•rbon•te Shelf Complex Shelf Complex 





bl • 0 
-= 
... ii , 
c c 










FIG. 7.--Distribution of ooids, onkoids, and pellets in relation to 


















H J • 0 ,Q E,F,G,M,P 
Shoal- Coastal-
Peritidal Inner Peritidal 
Carbonate Marine Carbonate 
Complex Shelf Complex 
N C, D, J, K, L A, B, I 
'N -.D 
FIG . B.--Distributions of peloids, intraclasts, fossil, and trilobite 












L 0 ' 





•oo•J 0 " -a Ill li • .. 50 " c .. tl 
:a E 
.. 
..! Ill .. • 













C , D , J,K , L 
Carbonate 
Complex 
A , 8 , I , N, 0 
N 
co 
FIG. 9. - -Distribution of cryptalgal structures, tempestites and 






























peritidal environment has been adopted and is renamed the Peritidal 
Carbonate Complex environment of deposition . 
The peritidal carbonate complex is divided into two 
subenvironments: (1) shoal-peritidal carbonate complex; and (2) 
coastal-peritidal carbonate complex. The position of the two subtypes 
relative to the other environments is given in Figure 5. 
Differentiation between the two subenvironments is based on presence 
or absence of ooids, percent insoluble residue, occurrence and 
abundance of tempestites, and presence or absence of Dolomite Type 3. 
Wright (1984) stated that the peritidal environment is a very 
complex system. It is influenced by a complex group of interacting 
factors that are poorly understood. These factors include: waves , 
tides and tidal currents, climate and hydrology, sea level changes, 
topography, and sediment supply. He further stated that the small 
number of modern and ancient peritidal environments that have been 
recorded represent a relatively small number of the total possible 
and, therefore, most probably are unrepresentative when reconstructing 
ancient environments. 
Supratidal zone.--Shinn (1983) defined the supratidal zone as 
that area above normal or mean high tide which is exposed to subaerial 
conditions most of the time. The only time water may cover the 
supratidal zone is during storms and spring tides. Shinn stated that 
the presence of mudcracks is the most diagnostic structure indicative 
of a supratidal environment. Other features, according to Shinn, that 
may be indicative of a supratidal zone are: algal structures, storm 
deposits (tempestites), fenestral structures, and intraclasts. He 
further stated that dolomite tends to form a few centimeters above 
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normal high tide in the supratidal zone. 
In the peritidal deposits of the Cambrian Carrara Formation, 
Palmer and Halley (1979, p. 49) stated that intertidal and supratidal 
zones are often difficult to separate and, therefore, they lumped 
these together as peritidal deposits. In the Carrara Formation, 
Palmer and Halley (1979, p. 44) found algal boundstones , pellets , 
birdseye structures, mudcracks, interbedded grainstones , lime 
mudstones, onkolitic lime mudstones, and shales in peritidal deposits . 
Buterbaugh (1982) in his study of the Langston Formation in 
northern Utah and southernmost Idaho found birdseye structures , 
peloids, relict chicken-wire anhydrite, intraclasts, mudcracks, and 
LLH-stromatolites in peritidal deposits. 
Intertidal zone.--Lucia (1972, p. 161) stated that supratidal 
deposits are more distinctive than intertidal and may include features 
such as mudcracks, birdseye structures, lithoclasts, and LLH-
stromatolites. He further stated that once a supratidal environment 
has been recognized, an intertidal environment is inferred to be 
present. However, intertidal deposits may not be present in all 
cases. In some instances, there may not have been a daily tide 
present, which would inhibit any intertidal deposition. Wright (1984) 
stated that most modern peritidal carbonate deposits are in microtidal 
regimes (tidal range of less than 2 meters) . This may further 
restrict the occurrence of intertidal deposits. 
Shinn (1983) defined the intertidal zone as the area between 
normal high and low tide. The deposits generally accumulate as a belt 
seaward of the supratidal zone and landward of the subtidal zone. He 
described intertidal deposits as possibly containing algal structures, 
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birdseye structures, and burrows. Wilson (1975) described features 
commonly associated with intertidal deposits as birdseye structures, 
mudcracks, storm deposits (tempestites), intraclasts, burrows, and 
trails. Shinn et al. (1965) found pelletal packstones, algal mats, 
gypsum crystals, and dolomite in intertidal deposits. Shinn (1968) 
stated that birdseye structures are typically of supratidal origin, 
may occasionally be intertidal in origin, and never have a subtidal 
origin. 
Aitken (1967) stated that stromatolites appear to be restricted 
to the intertidal zone. However , Gebelein (1969) found two types of 
algal stromatolites in a subtidal environment in Bermuda. 
Rock Type A is a crystalline dolomite with no discernible 
original sedimentary textures present , and Rock Type B is a 
crystalline carbonate with a relatively small proportion of Dolomite 
Type 3 present. · Original depositional environments within the 
boundaries of the dolomite were determined using facies association, 
percent insoluble residue and mineralogy of insoluble residues. 
Rock Type I is an algal boundstone with small LLH-stromatolites 
and tempestites. One sample exhibits mudcracks and another shows fine 
to medium laminoid birdseye structures . The proposed environment of 
deposition of Subtype 1 of Rock Type I is middle intertidal to lowest 
supratidal located in the coastal-peritidal carbonate environment of 
deposition. This area of deposition is more sheltered and thus 
protected from most tempestite deposition characteristic of Subtype 2, 
which is proposed to have been deposited at middle intertidal to 
lowest supratidal in the shoal-peritidal carbonate complex environment 
of deposition. 
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Rock Type N is a packstone with intraclasts as the dominant 
allochem. Ooids, pellets, peloids, and onkoids may also be present. 
A micro-unconformity is present in one sample, suggestive of a 
relatively short period of time of subaerial exposure. Shinn (1983) 
stated that intraclasts occur in two dominant areas - -on the supratidal 
flats and/or in subtidal channels. Rock Type N is proposed to have 
been deposited in the lower intertidal zone and/or in subtidal 
channels adjacent to the supratidal zone, in both shoal- and coastal -
peritidal carbonate complexes. Those samples with ooids, pellets, 
peloids, and which have relatively high insoluble residue content are 
placed in the shoal-peritidal carbonate complex. Those samples 
without ooids, pellets, peloids, and which have relatively low 
insoluble residue contents are placed in the coastal-peritidal 
carbonate complex. 
Agitated Shoal.--Agitated shoals that are marginal to open seas are 
the major sites for ooid formation (Multer 1977). Wilson's (1975) 
Standard Belt Number 6 corresponds to the agitated shoal environment. 
It is a high-energy, well-oxygenated environment with water depths 
between 5 to 10 meters below sea level. The agitated shoal is an 
inhospitable environment for bottom-dwelling marine life because of a 
shifting substrate. 
The increase in turbulence across the shoals is attributed to an 
increase in the velocity of tidal currents as a result of decreasing 
water depths. The increase in turbulence, driving off excess co2 and 
reducing the solubility of calcium carbonate, combined with warming, 
evaporation, and agitation of supersaturated solutions moving across 
the oolite shoals, represents ideal conditions for calcium carbonate 
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precipitation (Purdy and Imbrie 1964, in Multer 1977) . 
Rock Types E and M are wackestones to grainstones with ooids as 
the dominant allochem. Pellets, peloids, and intraclasts are locally 
common. Onkoids, fossil fragments, and trilobite fragments are rare . 
Rock Types E and M are proposed to have been deposited near the 
transition zone between the agitated carbonate shoal and the 
intertidal zone of the shoal-peritidal carbonate complex, where some 
mixing of sediments produced in the two environments was possible. 
Rock Type F, an oolitic grainstone with rare to uncommon amounts 
of pellets, peloids, and intraclasts, and Rock Type G, an ool i tic 
grainstone or oolitic ironstone, are proposed to have been deposited 
in an agitated carbonate shoal environment. 
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Rock Type Pis a quartzose oolitic grainstone where pellets, 
peloids, fossil fragments, and trilobite fragments are rare, and 
intraclasts may be locally common. Rock Type P is proposed to have 
been deposited in an agitated carbonate shoal environment near the 
transition zone between the agitated carbonate shoal environment and 
the intertidal zone of the shoal-peritidal carbonate complex 
environment. Rock Type P is only found at the base of Section 3, and _ 
the quartz content is attributed to incorporation of pieces of the 
underlying Brigham Quartzite. 
Rock Type Q is a calcite-cemented quartz arenite according to the 
classification of Folk (1968) and a sparitic sandstone according to 
the classification of Mount (1985). It was first described by Oriel 
and Armstrong (1971, p. 24) as a red, micaceous, slightly calcareous 
fine-grained sandstone. It is only a 10 em thick layer of fine-
grained, reddish sandstone , bounded above and below by Rock Type G 
and L, respectively, with sharp, conformable contacts. Buterbaugh 
(1982, p. 52) stated in his study of the Langston Formation in 
northern Utah and southernmost Idaho that his Rock Type K (a 
calcareous sandstone) was deposited in a shallow, inner shelf sea 
during a period of fluctuating subsidence. However, he stated that it 
grades upward into limestones with sandy layers, which is not the case 
in this study area. 
Kreisa (1981) stated that the presence of sandstone layers within 
open-shelf facies may be the result of storms. He further stated that 
storm-generated beds can range in thickness from 1 to 80 em, and 
frequently pinch out completely, which is the case for Rock Type Q. 
Mount (1984) stated that the occurrence of mixed carbonate and 
siliciclastic sediment in modern and ancient deposits appears to be 
common. He attributed this mixing to rare storms. Therefore, Rock 
Type Q is proposed to have been deposited in an agitated carbonate 
shoal environment possibly as a result of a storm. 
Inner Marine Shelf.--Wilson (1975) described Standard Facies Belts 7 
and 8 as open lagoons and bays behind the outer platform edge. 
Salinity is variable, and water depths range from shallow to at most a 
few tens of meters, with moderate circulation. The rocks found within 
Belts 7 and 8 may range in texture from grainstones to mudstones. 
Standard Microfacies 16 as described by Wilson is a peloidal 
grainstone which may grade into a peloidal wackestone originating from 
organic pelleting of mud, and may represent only slight water 
movement. Standard Microfacies 19 (Wilson 1975, p. 68) is 
characterized as a " ... 1 aminated to bioturbated pe 11 eta 1 lime 
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mudstone -- wackestone grading occasionally into pelsparite with 
fenestral fabric." Rock Types D, K, and L are very similar to 
Standard Microfacies 16 and 19 of Wilson (1975) , and are here proposed 
to have originated in the inner marine shelf environment. 
Outer Marine Shelf.--The outer marine shelf as characterized by Wi lson 
(1975) may contain shales or carbonates deposited in an environment of 
water depths from tens to a few 100 meters . It is also oxygenated , 
has good circulation, and is of normal marine salinity. Outer marine 
shelf deposits occur in thin to medium , wavy to nodular beds with 
colors of gray, green , red , or brown. Bedding is usually thoroughly 
burrowed. 
Potter et al . (1980) stated that most ancient shales are marine. 
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They characterized the outer marine shelf as a few to tens of meters 
deep, with the sediments contain i ng fecal pellets, horizontal 
lamination, and colors of gray, green, brown, and black. They further 
stated that the lithology shoreward could be carbonate. 
The Spence Shale crops out in Sections 1, 3, 4, and 5, and 
constitutes Rock Type H in this report. Rock Type H is composed of 
calcareous mudshales or calcareous clayshales with bedding surfaces 
that are usually wavy. Parting is commonly platy to flaggy. Color is 
commonly green or light brown. Insoluble residue ranges from 51 to 89 
percent by weight, which indicates a mixing with carbonate sediments . 
Palmer and Campbell (1976) studied trilobite faunas and associated 
depositional environments in the western United States. Their study 
included the Naomi Peak Limestone and Spence Shale members of the 
Langston Formation in northern Utah and southeastern Idaho. They 
concluded, based on trilobite faunas, that the Zacanthoidid and 
Ogygopsis biofacies of the Cambrian Carrara Formation are remarkably 
similar to those trilobite faunas present in the Naomi Peak Limestone 
and Spence Shale members as described by Resser (1939a, b). They 
described the Ogygopsis biofacies as an outer clastic shelf 
depositional environment and the Zacanthoidid biofacies as just 
shoreward of the Ogygopsis biofacies. Both biofacies are located 
seaward of the outer platform edge. 
Based on Palmer and Campbell ' s (1976) study of trilobite 
biofacies and on the sedimentologic characteristics found in Rock Type 
H, the Spence Shale is proposed to have been deposited on an outer 
marine shelf. 
Rock Type C is a crystalline carbonate which was most probably a 
mudstone that has undergone aggrading neomorphism. Rock Type J is a 
mudstone to wackestone with varying amounts of allochems. Rock Type 0 
is lithologically between Rock Types C and J with respect to degree of 
aggrading neomorphism and allochem content. These three rock types 
are proposed to have been deposited in a low -energy, inner marine 
shelf environment, or the outer marine shelf environment. Samples 
with a relatively low insoluble residue content, and with allochems 
such as ooids, pellets, peloids, intraclasts, trilobite, and other 
fossil fragments are placed in the inner marine shelf environment. 
Samples with a relatively high insoluble residue content, and only 
trilobite and other fossil fragments, are placed in the outer marine 
shelf environment. 
A few samples belonging to Rock Type 0 in sections 4 and 5 are 
bounded above and below by algal boundstones. The samples contain an 
average insoluble residue of 24.5 percent, are partially 
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recrystallized, are not burrowed, and have an insoluble residue 
mineralogy very similar to the Spence Shale. It is proposed that 
these samples were deposited during a regression during which a 
portion of the Spence Shale was exposed and eroded. The eroded 
sediments were deposited as Rock Type 0 on tidal flats in the coastal -
per i tidal environment . 
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ANALYSIS OF INSOLUBLE RESIDUES 
Inferences can be drawn with reference to paleoclimatic 
conditions using types of clay minerals present (Carroll 1970; Grim 
1968; Potter et al. 1980). Soils that developed in areas of abundant 
rainfall, acidic water, and good drainage commonly contain kaolinite 
(Potter et al. 1980). Tropical zones favor kaolinite formation as 
opposed to temperate zones where kaolinite occurs as detrital deposits 
derived from tropical weathering (Carroll 1970) . 
Both recent and ancient calcareous marine sediments commonly host 
relatively abundant amounts of illite (Grim 1968). Rateev et al . 
(1969) stated that there is no latitudinal control with respect to 
illite distributions in the oceans of the world, but rather illite is 
concentrated near detrital source areas. 
Weathering of igneous and metamorphic rocks commonly produces 
montmorillonite in environments of relatively moderate chemical 
weathering (Carroll 1970). 
Tropical and subtropical soils rarely contain chlorite due to its 
sensitivity to weathering. However, vermiculite does form chlorite 
diagenetically in Mg-rich pore waters after burial (Potter et al. 
1980) . 
Mineralogy of Insoluble Residues 
Quartz is found in all samples and is the dominant mineral (based 
on x-ray diffraction peak height) in all but 27 samples; illite or 
illite/mica is present in all but one sample; kaolinite is present in 
83.2 percent of all samples; microcline is in 80.1 percent; chlorite 
is in 61.7 percent; albite is in 49.5 percent; montmorillonite is in 
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10.3 percent; hematite (determined by a general shifting upwards of 
the baseline) is in 3.3 percent; and vermiculite is present in two 
samples . 
Buterbaugh (1982), in his analysis of the mineralogy of the 
Spence Shale Member of the Langston Formation , found that the dominant 
feldspar was albite. He stated that the carbonates of the Langston 
Formation in the southeastern portion of his study area generally 
contain greater amounts of microcline as opposed to albite, and that 
in the northern and eastern portions of his study area the opposite is 
true. He also stated that the dominant feldspar in the upper , unnamed 
shale of the Langston Formation i s microcline. Buterbaugh's 
explanation of this phenomenon is that there were two separate and 
different terrigenous source areas: one to the north or northwest, 
and one to the east or southeast . This conclusion is consistent with 
the findings of Palmer (1971) and Williams (1948). However, Helmold 
and van de Kamp (1984) have determined that albite can form 
authigenically at burial depths of approximately 8,000 feet and a 
temperature of 110°C. Such conditions are well within the realm of 
burial depths of the Langston and Ute formations. Thicknesses of 
sediments from Ordovician to Devonian exceed 9,000 feet (Hintze 1973). 
Therefore, the explanation that contends two terrigenous source areas 
may not be valid, and the differences in feldspar content may simply 
reflect diagenetic changes. In the present study, there is no such 
pattern to the feldspar distribution. 
The clay mineral assemblage of the Langston and Ute formations of 
southeastern Idaho is dominated by illite or illite/mica and 
kaolinite with lesser amounts of chlorite and relatively rare amounts 
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of montmorillonite and vermiculite . Assuming that the chlorite 
originated from the diagenetic alteration of vermiculite (Potter 
et al . 1980), the assemblage of clay minerals suggests that the 
Langston and Ute formations were deposited in a warm to hot, humid 
climate. This conclusion is in agreement wi th Buterbaugh (1982) and 




Paleomagnetic studies focusing on Cambrian world paleogeography, 
biogeography, and climatology suggest that the supercontinent which 
existed in the late Precambrian broke up approximately at the time the 
Cambrian began, with five individual paleocontinents moving at 
considerable rates during the Cambrian (Ziegler et al . 1979). Hurst 
and Surlyk (1983) stated that at various times during this period of 
rapid paleocontinental movement in the Early Paleozoic, the North 
American craton was rimmed by shallow carbonate marine shelf seas. 
Deposition in the Cordilleran miogeocline continued along the rifted 
continental margin during the Early Paleozoic, and was brought to a 
close by the Devonian Antler Orogeny (Dickinson 1977) . 
Stewart and Suczek (1977, p. 1} divided the Upper Precambrian and 
Cambrian shelf deposits of the western United States into three 
lithogenetic sequences. These are , in ascending order: 
... 1) A discontinuous sequence, locally as much as 
3,000 meters thick, of diamictite, mudstone, sandstone, 
conglomerate, and mafic volcanic rocks of Precambrian age; 
2) a westward-thickening wedge, locally more than 6,000 
meters thick, of Upper Precambrian and lower Cambrian 
terrigeneous detrital rocks of shallow water, in part tidal, 
origin; and 3) a Middle and Upper Cambrian sequence of 
predominantly shallow water carbonate rocks generally about 
2,000 meters thick. 
The rocks belonging to the langston and Ute formations in southeastern 
Idaho belong to the third lithogenetic sequence of Stewart and Suczek. 
Stewart and Poole (1974) noted that the rocks belonging to the langston 
and Ute formations are characteristic of deposits presently forming 
along stable continental margins. Figure 10 is a generalized 
composite distribution of the lithofacies for the Middle Cambrian in 
the Western United States. The position of the shoreline represents 
FIG . 10.--Generalized composite distribution of lithofacies for the 
Middle Cambrian in the western United States. The position 
of the shoreline represents the maximum extent of 
transgression onto the craton (adapted from Stewart and 
Suczek 1977; Lochman-Balk 1971, 1972; Hintze 1973; and 
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the maximum extent of transgression onto the craton. 
Hintze (1973) placed the N-S trending equator through Utah in 
Cambrian time based on faunal and paleomagnetic studies . Studies by 
Rowland (1981), Ziegler et al. (1979), and Scotese et al. (1979) have 
placed the equator approximately 10° north of the study area during 
deposition of the Langston and Ute formations . Cowie (1971) placed 
the N-S trending equator through Texas and the Dakotas during Early 
Cambrian. Wherever the equator is placed during deposition of the 
Langston and Ute formations, from previous studies it is evident that 
warm waters and tropical climatic conditions existed. 
Cambrian depositional environments and paleogeography in the 
western United States have been studied by several geologists. Palmer 
(1971) addressed the Cambrian of western Utah, and Palmer and Halley 
(1979) studied the Cambrian Carrara Formation of the southern Great 
Basin. Lochman-Balk (1970, 1971) summarized Cambrian paleogeography 
of eastern Utah. Kepper (1972, 1976) studied pa 1 eoenvi ronment 
patterns in middle to lower Upper Cambrian deposits in the Great 
Basin. Stewart and Suczek (1977) studied latest Precambrian and 
Cambrian paleogeography and tectonics in the western United States. 
Dickinson (1977) discussed the Paleozoic plate tectonics and evolution 
of the Cordilleran continental margin. Fritz (1976) studied Lower 
Cambrian stratigraphy in northwestern Canada, and Bush and Fischer 
(1981) studied the stratigraphy and deposition of Middle and Upper 
Cambrian strata in the Pacific northwest. All evidence suggests that 
the southeastern Idaho region during Early and Middle Cambrian time 
was experiencing a slow transgression with migration of the shoreline 
from west to east from Nevada (present orientation), and by Late 
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Cambrian time, the entire western United States was nearly covered by 
a shallow epeiric sea. Theoretical epeiric seas exhibit an average 
depth of 27 meters over thousands of square miles, with average bottom 
slopes of 0.02 to 0.1 meter per kilometer (Shaw 1964). 
Hintze (1973) suggested that the craton experienced only a few 
hundred feet of relief, and Cambrian seas and sediments transgressed 
over the region. Hintze (1973) envisioned the modern Bahama Bank as a 
similar modern equivalent. 
Cambrian depositional environments have been divided into an 
inner detrital belt, a middle carbonate belt , and an outer detrital 
belt (Robinson 1960) . The middle carbonate belt is the equivalent of 
Shaw's (1964) description of an epeiric sea. Aitken (1966) related 
these belts to depositional grand cycles, which consist of a lower 
carbonate/shale assemblage and an upper carbonate assemblage, and 
which span one to three trilobite assemblage zones over a thickness of 
300 to 1,000 feet. Palmer and Halley (1979), in a study of the 
Cambrian Carrara Formation, developed a model relating clastic and 
carbonate deposition to changing rates of shelf subsidence and fit it 
into Aitken's (1966) depositional grand cycles. Fritz (1975) extended 
the grand cycle concept into the Lower Cambrian throughout the 
Cordillera from the Yukon to northern Mexico. Aitken (1978) examined 
and named two types of cycles: the Stephen-type and the Sullivan-
type. Both cycles are products of similar paleogeographies: A low-
latitude carbonate depositional platform lying on a stable continental 
shelf that was bounded seaward by a peritidal carbonate complex and 
shoreward by a cratonal shoreline. The resulting in-shore basin was, 
in general, below wave base. The difference between the two types of 
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cycles focuses on the characteris t ics of the peritidal carbonate 
complex. In the Stephen-type cycle, the peritidal carbonate complex , 
which is located on the outer edge of the depositional platform , is 
relatively narrow (rarely more than 20 kilometers wide) and is 
discontinuous. In the Sullivan-type cycle, the peritidal carbonate 
complex expands to as much as 400 kilometers wide and is continuous. 
Aitken (1981) and Mount and Rowland (1981) further described and 
divided the concept of grand cycles into lower shaly and upper 
carbonate half-cycles . 
With the information gained in this study as well as by 
Buterbaugh (1982) and Deputy (1984) , the Langston and Ute formations 
fit into Aitken's (1966, 1978) concept of depositional grand cycles, 
and are suggestive of a Stephen-type cycle. 
Figure 11 shows the locations of lines of section; Figure 12 is a 
S-N cross section; Figure 13 is a W-E cross section; Figure 14 is a N-
SW cross section; and Figure 15 is a composite fence diagram. 
Examination of those figures shows that deposition of the Naomi Peak 
Limestone began as the shallow epeiric sea transgressed from west to 
east over the study area. The Naomi Peak Limestone was deposited on 
an agitated shoal, a shoal-peritidal carbonate complex, and an inner 
marine shelf. The upper portion of the Naomi Peak Limestone in 
Section 1 (Fig. 13) shows the onset of a regression. The Naomi Peak 
Limestone is directly overlain by the outer-marine -shelf Spence Shale , 
suggesting a sudden transgression. The exact nature of the contact 
between the Naomi Peak Limestone and the Spence Shale is in doubt, but 
facies analysis suggests that the contact is an unconformity. No 
definitive features were observed in the field because of the poorly 
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FIG. 12.- -South-north geologic section of the proposed environments of 
deposition of the Langston and Ute formations. Dark brick 
indicates carbonate and dark shading indicates clastic 
material (Spence Shale or Spence Shale lithology) in the 
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FIG . !D.--Generalized composite distribution of lithofacies for the 
Middle Cambrian in the western United States. The pos i t i on 
of the shoreline represents the maximum extent of 
transgression onto the craton (adapted from Stewart and 
Suczek 1977; Lochman-Balk 1971, 1972; Hintze 1973 ; and 
Seyfert and Sirkin 19.73}. 
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FIG. 14.--North-southwest geologic section of the proposed 
environments of deposition of the Langston and Ute 
formations. Dark brick indicates carbonate and dark shading 
indicates clastic material (Spence Shale or Spence Shale 
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FIG. 15.--Fence diagram of the Langston and Ute formations, 
southeastern Idaho. Numbers indicate measured stratigraphic 
sections. Dark brick indicates carbonate and dark shading 
indicates clastic material (Spence Shale or Spence Shale 
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exposed nature of the contact. 
The Spence Shale Member of the Langston Formation was deposited 
in an outer detrital belt, with the source area probably in the 
present area of Idaho (Williams 1948, p. 1157; Palmer 1971, p. 61) . 
Buterbaugh {1982) described the Spence Shale as " ... containing thin to 
medium, wavy to lenticular bedding with open marine fauna and often 
trace fossils." He believed that the source area for the Spence Shale 
was to the north or northwest, which is consistent with the findings 
in this report; note that there is a general thickening of the Spence 
Shale toward the west-northwest {Fig. 13). 
Transport of the terrigenous material which formed the Spence 
Shale was probably accomplished by counter currents, with the source 
area located in western Idaho, possibly at or near the Area Arch. 
Such a transport mechanism was proposed by Buterbaugh {1982). 
Deposition of the outer-marine-shelf Spence Shale in the study 
area ceased with the onset of a rapid regressive stage. During the 
regression, agitated shoal environments then developed toward the west 
with inner marine shelf and coastal-peritidal environments to the 
east. The regression was followed by a transgression. Shoal-
peritidal sediments initially deposited during the transgression 
pinched out to the east, most probably due to an increase in the rate 
of the transgression. The transgression was followed by a regression 
during which hypersaline brines developed on supratidal flats of the 
coastal-peritidal environment in the northern portion of the study 
area. Downward reflux of the brine initiated dolomitization in the 
underlying sediments. Dolomitization has obscured most, if not all, 
original depositional textures in the carbonate rocks below. A 
52 
transgression concluded deposition of the Langston Formation. 
Oriel and Armstrong (1971, p. 22) described the contact between 
the Langston and Ute formations as follows: "Any contact selected 
must be arbitrary. The contact used here is the base of the lowest 
thick ledge-forming limestone unit which is both prominent and 
continuous enough to be useful in mapping and which is overlain 
dominantly by limestone." For the present study, a more preferred 
contact is the top of a thick ledge-forming outcrop of agitated shoal 
sediments. The shoal sediments may appear pink or red in the field. 
The top of the thick ledge-forming unit was selected because facies 
analysis suggests that the top of the unit represents at least a local 
unconformity. 
Ute Formation deposition began with a transgression with inner 
marine shelf, shoal-peritidal, agitated shoal, and outer marine shelf 
sediments deposited over the study area followed by a regressive 
episode which concluded Ute Formation deposition. 
The Spence Shale does not crop out in the northernmost section of 
this study area. Possible explanations to account for this phenomenon 
include: 1) pinching out of the Spence Shale toward the north; 
2) faulting which tectonically cut out the Spence Shale; or 3) a 
facies change. 
There are no significant changes in the strike and/or dip across 
the area, suggesting that faulting is not a likely possibility. The 
upper 12 meters of the Brigham Quartzite consist of a calcareous 
sandstone underlain by 5 meters of limestone. An initial hypothesis 
was that perhaps the sandstone represented a higher energy facies 
correlative with the Spence Shale, and that the underlying limestone 
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was correlative with the Naomi Peak limestone member. Examination of 
the limestone showed it to be very different from the Naomi Peak and 
very similar to limestone layers found in the upper parts of the 
Brigham Quartzite in the section at Marsh Creek. Therefore, the 
possibility of a facies change in the Spence Shale was ruled out. 




In order to fully understand the order of diagenetic events that 
have affected the Langston and Ute formations since their deposition, 
interpretations based on modern carbonate diagenetic processes are 
used as guidelines. Bathurst (1975, p. 321) stated, with respect to 
diagenesis, that it has yet to be shown that modern environments of 
carbonate deposition are the microcosm to explain the immense deposits 
of limestone formed in the epeiric seas of the past . Nevertheless, 
diagenetic processes and paragenetic sequences observed in modern 
carbonate environments are used in this report as guidelines to the 
past . 
As defined by Friedman and Sanders (1978, p. 559), diagenesis is 
the " ... sum of physical, inorganic chemical, or biochemical changes in 
a sedimentary deposit after its initial accumulation and excluding 
metamorphism." The primary diagenetic processes of carbonate 
sediments are compaction, cementation, neomorphism, and 
dolomitization. All will be discussed in this report. 
Three basic diagenetic environments are described in the 
literature (Choquette and Pray 1970; Bathurst 1975; Scholle 1978). 
These are: 1) eogenetic diagenesis, which occurs from 103 to 106 
years after deposition and commonly occurs within 100 meters of the 
surface; 2) mesogenetic diagenesis or burial diagenesis, which occurs 
from 103 to 108 years after deposition and can occur at depths of 1 to 
10,000 meters; and 3) telogenetic diagenesis, which occurs from 103 to 
109 years after deposition and occurs at depths from 1 to 3,000 
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meters . Choquette and Pray (1970) described the eogenetic diagenetic 
process as the early diagenetic changes in a sediment through the 
interaction with near-surface water. Mesogenetic diagenet i c processes 
initiate when the sediment is no longer able to interchange with 
surficial waters and may terminate when metamorphism occurs or the 
sediment is uplifted to the surface. The telogenetic diagenetic 
process, which marks the final stage of alterat ion, is commonly 
associated with late subaerial alteration as the lithified rock is 
uplifted , approaches the land surface due to erosion , and comes in 
contact with near-surface waters . 
Difficult at best is the assignment of the three diagenetic 
environments to the different and sometimes complex diagenet i c 
processes that have occurred in the Langston and Ute formations . 
Primary Dia~nesis 
Compaction.--Bathurst (1975 , p. 439) stated that, although evidence of 
compaction is normally rare in recent unconsolidated carbonate 
sed iments, their porosity commonly ranges from 40 to 70 percent, 
whereas ancient limestones generally have porosities of less than 5 
percent. This phenomenon presents many interesting questions with 
respect to not only compaction but cementation also. 
Shinn et al. (1977) showed that carbonate muds can undergo 50 
percent compaction with the survival of fossils more or less intact . 
Before this work, sedimentologists assumed that lack of fossil 
breakage was evidence against compaction in ancient limestones. 
Stylolites are discontinuities within rocks, and occur in thin 
zones (Flugel 1982, p. 94). Stylolite growth may result in a 20 to 35 
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percent reduction in the vertical thickness of limestones . The CaC03 
released as the result of stylolite growth apparently is a major 
source of late diagenetic cement (Bathurst 1975, p. 459) . Stylolites 
generally form as a result of pressure solution near points of contact 
between mineral grains (Flugel 1982, p. 94) . 
Stylolites present in the Langston and Ute formations occur in 78 
percent of all samples, and are common in many of those samples. 
Stylolites appear to be the dominant compaction feature in the 
Langston and Ute formations. Park and Schot (1968) state that 
stylolitization begins during the early stages of burial when 
radiaxial-type cementation occurs and ends when pore space is 
eliminated by drusy mosaic carbonate. Applying the arguments of Park 
and Schot (1968), the majority of stylolitization that has taken place 
in the Langston and Ute formations probably took place in the 
eogenetic environment. 
Compaction features present in the Langston and Ute formations, 
excluding stylolites, are rare. A few samples belonging to Rock Types 
F, G, K, L, M, and N exhibit deformed, crushed, and/or destroyed 
grains, probably as a result of vertical pressure from overburden. 
Evidence to suggest cementation before breakage of grains has mostly 
been obscured by the breakage and/or by aggrading neomorphism. In 
those samples that do exhibit cementation, there is evidence that 
compaction predates cementation (i.e., the general lack of cement at 
grain-to-grain contacts). Therefore, it is most probable that the 
majority of compaction occurred before initiation of cementation in 
the eogenetic environment. 
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Cementation.--The Langston and Ute formations do not show evidence of 
early cementation on a large scale; however, much evidence of early 
cementation has since been destroyed by recrystallization and 
dolomitization. 
Rock Type G exhibits an isopachous fibrous rim cement surrounding 
many ooid grains (Fig. 16). A coarse mosaic cement is found within 
the boundaries formed by the fibrous rim cement. Coarse mosaic cement 
is also a void-filling cement that fills burrow traces and birdseye 
structures. The fibrous rim cement is characteristic of cementation 
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in the intertidal and subtidal environments (Scholle 1978). The 
presence of an isopachous fibrous rim cement suggests early cementation 
and the prevention of significant additional compaction. Then , a 
later stage of cementation involving the void-filling coarse mosaic 
cement, which resembles the drusy mosaic carbonate described by Park 
and Schot (1968), ensued. Both stages of cementation probably took 
place in the eogenetic environment, after most of the compaction was 
complete, with coarse mosaic cement following fibrous rim cement. 
A third, minor stage of cementation involving calcite-infilling 
of fractures occurred most probably in the mesogenetic or telogenetic 
environment, during or just after folding and thrust faulting, based 
on cross-cutting relationships. 
If Middle Cambrian units, like modern marine sediments, contained 
40 to 70 percent porosity, and because there is little evidence of 
widespread cementation, it is suggested that much of the pore-space 
reduction that took place in the Langston and Ute formations was due 
to compaction. 
FIG. 16.--Photomicrograph of oolitic grainstone showing 
compaction features (cf), isopachous fibrous 
rim cement (ifrc), and mosaic cement (me). 
(Width of view = 3.5 mm; with crossed 
polarizers, sample number SP2 - 23) 
59 
~g_Sl.!:adl!!g__NeQ!!!OrQh ism. -- Folk (1965) defined neomorphism as " ... a 11 
transformations between one mineral and itself or a polymorph ." 
Aggrading neomorphism is defined as grain growth (Folk 1965). 
Evidence of aggrading neomorphism is abundant in the Langston and 
Ute formations . This process usually resulted in a coarse crystalline 
mosaic, and is common in Rock Types B, C, D, and E. 
In those rocks where aggrading neomorphism occurred, most, if not 
all, primary depositional textures were destroyed, especially in Rock 
Types B and C. In Rock Types D and E, the process of aggrading 
neomorphism was not as complete. Pellets and ooids are visible in 
Rock Types D and E, respectively. Present in both rock types is a 
radiaxial calcite mosaic, which suggests an early fibrous aragonite 
cement which has since undergone recrystallization and conversion to 
calcite (Cotter 1966). ·This evidence suggests that the aggrading 
neomorphic process was initiated after fibrous rim cementation in the 
eogenetic environment. 
Degrading Neomorphism.--The reduction of the overall grain size is 
termed degrading neomorphism or micritization (Pettijohn 1975). 
Micritization can result from repeated boring into grains by boring 
algae, with the empty bores subsequently becoming filled in with 
micrite (Bathurst 1975, p. 383). The effect is that the carbonate 
grains are then gradually replaced by micrite. 
Micritization in the Langston and Ute formations is rare, and 
involves the rims of onkoids and large peloids. Micritization pre-
dates compaction and cementation because cement infills the remainder 
of the voids produced by the boring algae. 
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Secondary Diagenesis 
Ironstone.--Rock Type G is an oolitic grainstone with ooids as the 
only allochem present. In Section 2, Rock Type G is exposed as an 
oolitic ironstone (see Fig. 17). Sorby (1856), as supported and 
expanded by Kimberley (1979), explained the origin of oolitic 
ironstones as beds of calcareous oolite, which were covered by muddy 
carbonates rich in organic matter. Iron leached from the mud by 
downward-percolating pore waters bearing organic -decay products 
resulted in the ferruginization of the carbonate sediments below. The 
scenario accounting for an oolitic ironstone in the middle portion of 
Section 2 is very similar to the explanation first provided by Sorby 
(1856). The rocks above the oolitic ironstone are mudstones and 
wackestones of the restricted carbonate marine shelf environment. In 
addition, some of the rocks above have a rather high fossil content, 
so the sediment probably would have been organic rich. 
Inversion of Aragonite. - -The abundance of aragonite decreases with 
increasing amounts of time. The ooids present in the Langston and Ute 
formations are calcitic and dolomitic in composition. The ooids 
forming in modern environments are aragonitic in composition (Bathurst 
1975). The early inversion of most aragonite to calcite, and most 
high-Mg calcite to low-Mg calcite, is well documented (Bathurst 1975), 
and is believed to take place rapidly in fresh water (Friedman 1964). 
Berner (1971) and Milliman (1966) stated that the inversion can take 
place under normal-marine conditions if given enough time. Therefore, 
in the Langston and Ute formations it is most probable that if 
aragonitic ooids were originally precipitated, their inversion would 
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Fig. 17.--NW-SE view of 1.5 meter thick oolitic ironstone, 
140 meters above the base at section 2. 
Approximate center of oolitic ironstone is at 
head of hammer. (Length of hammer is 32 em). 
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have taken place in the marine environment due to lack of evidence 
suggesting fresh-water conditions. 
Fracture Infilling and Oxidation. --The most recent diagenetic events 
that have taken place in the Langston and Vte formations include 
fracturing and infilling of those fractures with a late -stage, 
telogenetic calcite cement. In addition, uplift and exposure to 
subaerial conditions in a fresh-water t~logenetic environment has led 
to the oxidation of pyrite to produce hematite, which is present in 




With the three different types of dolomite that exist in the 
Langston and Ute formations, it seems logical to assume several 
origins or mechanisms of formation. This approach is advocated by 
Zenger et al. (1980), but is at odds with Friedman (1980). Zenger et 
al. (1980) stated that the majority of ancient dolomite is a 
replacement product, and that the amount of primary dolomite found is 
relatively insignificant. Friedman (1980) stated that most dolomites 
in the rock record formed under conditions of hypersalinity. 
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Dolomite Type I.- -Dolomite Type 1 is a dolomite with ferroan-zoned, 
euhedral crystals, it is present in 70 percent of all samples, but is 
absent in close proximity to calcareous clay and mudshales. Hematite 
and/or limonite form alternating dark bands separated by light bands 
in the zoned euhedral crystals of dolomite (Fig. 18). According to 
the classification proposed by Katz (1971}, Dolomite Type 1 falls into 
the ferroan dolomite zone type. 
The formation of the ferroan dolomite zones are very difficult to 
understand. This author is unaware of any modern examples of ferroan 
zoned dolomite crystals, or the synthesis at low temperatures. Katz 
(1971) proposed that zoned ferroan dolomite formed as Fe/Mg ratios 
increased under reducing conditions in a tidal-flat environment. The 
dolomitizing fluids percolated downward through the underlying 
sediments, and ferroan dolomite crystals grew as a replacement of 
calcium carbonate sediments. Katz (1971) proposed that turbulence 
during stormy periods produced well oxygenated waters which diluted 
FIG. lB. -- Photomicrograph of Dolomite Type 1. Note the 
well-developed zonation marked by hematite 
stains along crystal faces (1). (Width of 
view = 1.83 mm; with crossed polarizers, 
sample number BC4-32) 
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the dolomitizing fluids, and the resulting oxidation of Fe2+ to Fe3+ 
caused exsolution of iron from the ferroan dolomite, producing 
hematite rims . Fe/Mg ratios increased when reducing conditions 
returned. 
The occurrence of Dolomite Type 1 is common in those rocks 
associated with the restricted carbonate marine shelf depositional 
environment . 
Dolomite Type 2.--Dolomite Type 2 commonly replaces ooids, peloids, 
possibly some pellets, and laminated algal sediments. 
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The replacement process may begin when an ooid, peloid, or 
possibly pelletal grain begins to decompose, and there is a release of 
magnesium to form dolomite in this microenvironment (see Figure 19) . 
With the release of magnesium confined to the borders of the grain, 
the primary relict texture or outline is preserved (Gebelein and 
Hoffman 1973). The study by Gebelein and Hoffman (1973) concentrated 
on the algal origin of dolomite laminations. However, they stated 
that the distribution of dolomite of this type may be related to 
organic matter other than that of algal origin. 
Rock Types E and F have Dolomite Type 2 commonly replacing ooids, 
peloids, and possibly pellets. Some samples belonging to Rock Types 
G, K, L, M, and N were found to have Dolomite Type 2 present to a 
lesser degree. 
Rock Type I is an algal boundstone with common LLH-type 
stromatolites. The stromatolites have been replaced by Dolomite 
Type 2 similar to that described by Gebelein and Hoffman (1973). 
Gebelein and Hoffman also stated that the algal mat, where the 
magnesium is located, is very stable and does not decompose until long 
FIG. 19.--Photomicrograph of Dolomite Type 2 (1) and 
dedolomitization (2). (Width of view= 
1.83 mm; with crossed polarizers , sample 
number BC4 -12) 
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after deposition or even lithification. 
The iron oxide rims associated with Dolomite Type 2, probably the 
result of a leaching process initiated by uplift and subsequent 
subaerial exposure in a fresh-water environment, suggest that Dolomite 
Type 2 originally formed as a ferroan dolomite . 
Some examples of Dolomite Type 2 have undergone dedolomitization 
similar to that described by Evamy (1967) . He explained that 
dedolomitization is the reverse process of dolomitization. It 
originates when solutions with high Ca/Mg ratios react with dolomite 
to form calcium carbonate by replacement. He also stated, based on 
textural features , dedolomitization is a near-surface diagenet i c 
event . 
It is suggested that Dolomite Type 2 probably formed in the 
mesogenetic or telogenetic diagenetic environment and that 
dedolomitization followed. 
Dolomite Type 3.- -Most of Dolomite Type 3 is predominantly found in 
Section 2; a relatively small amount is in the lower and upper 
portions of Section 5. It is a massive replacement dolomite that cuts 
underlying restricted carbonate marine shelf bedding-planes at its 
nonconformable lower contact (Fig. 20) and is conformably overlain by 
upper peritidal facies. The total thickness of Dolomite Type 3 in 
outcrop at Section 2 approaches 125 meters, whereas at Section 5 the 
total thickness of both occurrences is only 6 meters. No original 
depositional textures were observed in the field or in hand samples, 
acetate peels, or upon petrographic examination (see Figure 21). 
Two models for the formation of massive dolomite are common in 
the literature. One model suggests an evaporative origin based on the 
Fig. 20 .- -Photograph of unconformable lower contact of 
Dolomite Type 3, as exposed in Section 2. 
Dolomite Type 3 is found in the right-hand 
portion of the photograph. The contact 
between Dolomite Type 3 and the limestone is 
marked with arrows . (Rock hammer is 
30 em long . ) 
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FIG. 21. - -Photomicrograph of Dolomite Type 3. (Width of 




association of dolomite with evaporite minerals (Friedman 1980; Zenger 
1972; and others), whereas the other model calls upon mixing of fresh 
water with sea water (Folk and Land 1975, and others) to form 
dolomite . 
Goodell and Garman (1969) proposed a dolomitization model in 
which uplift and dissolution of very soluble magnesium calcite raises 
magnesium concentrations in the water sufficiently to begin 
dolomitization of underlying sediments. This model requires 
development of solution features in the rocks overlying the dolomite . 
In this study, no such solution features were found in the overlying 
rocks, and the limited lateral extent of the dolomite suggests a 
different dolomitization model. 
According to Folk and Land (1975), dolomites formed by the mixing 
of fresh water with sea water are chaiacteristically limpid. Limpid 
dolomites are usually perfectly brilliant, diamond-like, transparent, 
water clear, inclusion-free crystals. Under the petrographic 
microscope, limpid dolomite crystals appear as perfect euhedra and are 
extremely clear, though some are zoned. The dolomite crystals in this 
study are anhedral, are cloudy under the petrographic microscope, and 
are not zoned. They most probably did not form in a freshwater -
seawater mixing zone . 
Dolomite Type 3 directly underlies upper peritidal deposits that 
represent emergence of a portion of the carbonate shoal complex on the 
inner portion of a wide epeiric sea. A seepage-reflux model is 
favored for the formation of Dolomite Type 3, similar to that proposed 
by Adams and Rhodes (1960) and Deffeyes et al. (1965). The seepage-
reflux model was also adopted by Buterbaugh (1982) to explain the 
formation of dolomite in the Langston Formation in northern Utah and 
southernmost Idaho. 
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The seepage-reflux model involves the formation of hypersaline 
brines by evaporation in the upper peritidal environments. The Mg/Ca 
ratio in solution is increased by the precipitation of sulfates and of 
aragonite or calcite, as a result of the increased salinites. The 
saline, Mg-rich fluid then has a higher density than surrounding 
connate water, and so is gravity-driven into the limestone layers 
below. This process sets up a favorable condition to initiate the 
stable precipitation replacement of dolomite. Constantly renewed 
supplies of brine can continue the process for a rather long period of 
time (Adams and Rhodes 1960). Adams and Rhodes (1960) stated further 
that changes in the composition and character of the refluxing brine 
and of the invaded rocks limit the downward extent of dolomitization . 
Evidence suggesting the presence of seepage-reflux dolomitization 
is limited due to the extent of dolomitization which has obscured 
and/or destroyed most, if not all, original depositional textures. 
Buterbaugh (1982) pointed to gympsum casts, chicken -wire anhydrite, 
and solution breccias in the Langston Formation in his study area as 
evidence of evaporitic conditions present. · No such evidence of 
evaporites were observed in this study. However, Adams and Rhodes 
(1960) stated that lack of evidence for evaporation may indicate that 
highly concentrated brines escaped before complete desiccation. 
Kinsman (1976) found that with mean atmospheric humidity of more than 
76%, halite will not precipitate. The combination of a nonconformable 
lower contact and a conformable upper contact, with overlying upper 
peritidal deposits only. in Section 3, and absence of limpid dolomites, 
suggest a seepage -reflux model for dolomitization of Dolomite Type 3. 
Figure 22 illustrates the distribution of the three dolomite 
types with environment and rock type . 
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FIG. 22.- -0istributions of Dolomite Type 1, 2, and 3 in relation to 
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SUMMARY OF ENVIRONMENTAL AND DIAGENETIC EVENTS 
The Middle Cambrian Langston and Ute formations are characterized 
by shallow subtidal to upper peritidal carbonate sequences and a 
subtidal clastic sequence. Four depositional environments were 
recognized within the study area: 1) upper peritidal carbonate 
complex; 2) agitated shoal; 3) restricted carbonate marine shelf; and 
4) clastic marine shelf. 
Published paleomagnetic and faunal studies suggest that the study 
area was very near the equator, possibly within 10° north latitude 
during the Middle Cambrian. The presence of kaolinite suggests that 
the Langston and Ute formations were deposited in a humid, tropical 
climate. 
Deposition of the Naomi Peak Limestone began as the shallow 
epeiric sea transgressed from west to east over the study area. The 
Naomi Peak Limestone was deposited on an agitated shoal, a shoal-
peritidal carbonate complex, and an inner marine shelf. The upper 
portion of the Naomi Peak Limestone in Section 1 (Fig. 13) shows the 
onset of a regression. The Naomi Peak Limestone is directly overlain 
by the outer-marine-shelf Spence Shale, suggesting a sudden 
transgression. 
The Spence Shale Member of the Langston Formation was deposited 
in an outer detrital belt, with the source area probably in the 
present area of Idaho. Buterbaugh (1982) believed that the source 
area for the Spence Shale was to the north or northwest, which is 
consistent with the findings in this report. 
Spence Shale deposition came to a close most probably due to a 
rapid decrease in the input of clastic sediments, possibly because of 
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a change in the direction of the currents carrying the clastic 
sediments or a change in the source area. A rapid regression 
accompanied and may have caused the cessation of Spence Shale 
deposition. During the regression, agitated shoal environments then 
developed toward the west with inner marine shelf and coastal -
peritidal environments to the east. The regression was followed by a 
transgression. Shoal-peritidal sediments initially deposited during 
the transgression pinched out to the east, most probably due to an 
increase in the rate of transgression. The transgression was followed 
by a regression during which hypersaline brines developed on 
supratidal flats of the coastal-peritidal environment in the northern 
portion of the study area. Downward reflux of the brine initiated 
dolomitization in the underlying sediments. Dolomitization has 
obscured most, if not all, original depositional textures in the 
carbonate rocks below. A transgression concluded deposition of the 
Langston Formation. 
Ute Formation deposition began with a transgression with inner 
marine shelf, shoal-peritidal, agitated shoal, and outer marine shelf 
sediments deposited over the study area, followed by a regressive 
episode which concluded Ute Formation deposition. 
Primary diagenetic features include compaction, cementation, 
aggrading neomorphism, and degrading neomorphism. Secondary 
diagenetic features include the conversion of aragonite to calcite, 
the formation of an oolitic ironstone, and stylolitization. The final 
diagenetic events involved fracturing and infilling of those fractures 
with a late stage cement and generation of hematite. 
The most extensive dolomitization of the Langston and Ute 
formations is thought to have resulted as hypersaline brines 
percolated downward from upper peritidal sediments , dolomitizing the 
carbonate sediments below. Other subordinate types of dolomitization 
include: 1) the formation of a secondary ferroan dolomite as Fe/Mg 
ratios in the precipitating fluids increased under reducing 
conditions; and 2) the diagenetic release of magnesium in the 
microenvironment within some ooid, peloid , and possibly some pelletal 
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Based on the information provided by the five cluster analyses, 
17 different rock types were recognized within the Langston and Ute 
formations. There are no apparent marker beds within the two 
formations . Correlation among sections was performed using patterns 
developed by the 17 rock types. 
Ranges in volume percentages in the description of the different 
rock types were assigned using the following scheme. 
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trace amounts 0.1 percent to 0.9 percent 
rare amounts 1.0 percent to 4.9 percent 
uncommon amounts 5.0 percent to 9. 9 percent 
locally common amounts 10 .0 percent to 24 . 9 percent 
common amounts . . . 25 .0 percent and above 
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Rock Type A 
Rock Type A crops out mainly in Section 2 with a relatively small 
amount present in Section 5. In outcrop, Rock Type A generally is a 
highly fractured, resistant, massive, structureless ledge- or cliff-
former with no bedding discernible due to extensive dolomitization. 
Rock Type A comprises 60.1 percent of Section 2 and 3.8 percent of 
Section 5. 
In Section 2, the lower contact of Rock Type A is wavy and 
irregular, whereas the upper contact is gradational through 1-2 
meters, and appears to be comformable. In Section 5, both the lower 
and upper contacts appear to be conformable with the adjacent rock 
types. 
The weathered color of Rock Type A is commonly very light to 
medium light gray (N8, N7, N6) to pinkish gray (5 YR 8/1). The fresh 
color is commonly very light to light gray (N8, N7) to pinkish gray (5 
YR 8/1). 
Dolomite Type 3 is the dominant grain type, and ranges from 97 to 
99 percent by volume and 84 to 99 percent by weight, as determined by 
petrographic examination and by quantitative x-ray analysis. Sparite 
is present as grains in all samples, and is rare. Microspar and 
micrite are present in 17.6 percent of all samples and are rare. 
Microdolospar is present in 17.6 percent of all samples and is locally 
common. Average carbonate grain size ranges from 0.10 mm to 0.30 mm, 
and grains are anhedral. Some grain-to-grain contacts are sutured. 
Due to extensive dolomitization of Rock Type A, no original 
depositional textures or structures are visible in outcrop or in thin 
section. 
Insoluble residue ranges from 0.7 to 5.6 percent, and averages 
2.25 percent by weight. The insoluble residues consist of quartz, 
illite or illite/mica, microcline and chlorite in all samples, and 
kaolinite in 88 percent, albite in 70 percent, and montmorillonite in 
29 percent. 
Stylolites are abundant, with high hematite concentrations along 
them. Rock Type A is a crystalline dolomite (Dunham 1962). 
Rock Type B 
Rock Type B is confined to a small portion of Section 5 and is 
exposed as medium thick beds that form small ledges in outcrop. Rock 
Type B comprises 2.3 percent of Section 5. 
The weathered color of Rock Type B is commonly grayish orange 
(10 YR 7/4) to light gray (N7). The fresh color is commonly pale 
yellowish brown (10 YR 6/2) to medium light gray (N6). 
Sparite content ranges from 40 to 55 percent, and averages 43 
percent by volume. Microspar content ranges from 45 to 60 percent, 
and averages 48 percent by volume. Micrite is present in all samples 
in trace amounts. Dolomite Type 3 is present in all samples and is 
uncommon. Average carbonate grain size ranges from 0.04 mm to 0.08 
mm, and grains are euhedral . Some grain-to-grain contacts are 
sutured. Due to the extensive effects of diagenesis, no original 
depositional textures or structures are present. 
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Insoluble residue ranges from 4.5 to 10 percent, and averages 7.3 
percent by weight . The insoluble residues consist of quartz, 
microcline, illite or illite/mica, kaolinite and chlorite in all 
samples. 
Stylolites are rare to absent. Rock Type B is a crystalline 
calcite (Dunham 1962). 
Rock Type C 
Rock Type Cis found in 4 of the 5 sections (1, 3, 4, 5). It is 
exposed as medium to thick beds of resistant, ledge-forming outcrops. 
Rock Type C comprises 6 percent of Section 1; 4 percent of Section 3; 
12 percent of Section 4; and 13 percent of Section 5. 
The weathered color of Rock Type C is commonly medium light to 
light gray (N6, N7) to medium bluish gray (58 6/1). The fresh color 
is commonly medium gray (NS). 
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Sparite content ranges from 60 to 97 percent, and averages 85 
percent by volume. Microspar is present in all samples, and may be 
common. Micrite is present in all samples, and is uncommon. Dolomite 
Type 1 is present in all samples, and may be locally common. Average 
carbonate grain-size ranges from 0.06 mm to 0.24 mm, and grains are 
euhedral. Some grain-to-grain contacts are sutured. Due to the 
extensive effects of diagenesis, no original depositional textures or 
structures are present in thin section. 
Insoluble residue ranges from 1.3 to 12.6 percent, and averages 
3.6 percent by weight. The insoluble residue consists of quartz, 
illite or illite/mica in all samples, kaolinite in 79 percent, 
chlorite in 63 percent, montmorillonite in 5 percent, and albite in 5 
percent. Rock Type Cis a crystalline calcite (Dunham 1962). 
Rock Type D 
Rock TypeD is found in 2 of the 5 sections (1, 3). In outcrop, 
Rock Type D commonly forms steep, thickly bedded ledges of resistant 
rock. Rock Type D comprises 3.8 percent of Section 1 and 2.8 percent 
of Section 3. 
The weathered color of Rock TypeD is commonly medium light gray 
(N6) to grayish yellow (5Y 8/4). The fresh color is commonly dark 
gray (N3) to dusky yellow (SY 6/4). 
Pellets are the dominant allochem and range from 26.5 percent to 
35.7 percent and average 27.8 percent by volume. Peloids and ooids 
are also present in all samples and are uncommon and rare, 
respectively . 
98 
Sparite content ranges from 48 to 56 percent, and averages 52.3 
percent by volume. Microspar and micrite are also present in all 
samples , and may be locally common. Dolomite Type 1 is present in all 
samples in trace amounts. 
Insoluble residue ranges from 2.1 to 8.9 percent, and averages 
4.4 percent by weight. The insoluble residues consist of quartz, 
microcline , illite or illite/mica, and kaolinite in all samples, 
albite in 66 percent, chlorite in 33 percent, and montmorillonite in 
33 percent. Stylolites are present in all samples, and may be common . 
According to Dunham's (1962) classification of carbonate rocks , 
samples belonging to Rock Type D are pelletal wackestones or 
packstones. 
Rock Type E 
Rock Type E is found in 2 of the 5 sections (1, 5). Outcrops of 
Rock Type E have poor to good exposures, with bedding ranging from 
medium to massive. Massive beds may form small ledges. Rock Type E 
comprises 8 percent of Section 1 and 3.8 percent of Section 5. 
The weathered color of Rock Type E is commonly medium to light 
gray (N5, N6, N7), and from pale yellowish orange (10 YR 8/6) to 
moderate pink (5 R 7/4). The fresh color is commonly dark to medium 
light gray (N3 to N6) to pale yellowish orange (10 YR 8/6). 
Ooids are the dominant allochem and range from 32 to 49 percent, 
and average 39.8 percent by volume. Pellets are present in 33.3 
percent of all samples, and may be locally common. Intraclasts and 
fossil fragments are present in 11.1 percent of all samples, and are 
rare . 
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Sparite content ranges from 20.5 to 61 percent , and averages 39.1 
percent by volume. Microspar content ranges from 4 to 28 percent , and 
averages 12.5 percent. Micrite is present in 66.6 percent of all 
samples, and is rare to uncommon. Dolomite Type 1 is present in 66.6 
percent of all samples, and is rare. Dolomite Type 2 is present in 
all samp 1 es , ranges from 0.5 to 28 percent, and averages 12.9 percent. 
Insoluble residue ranges from 2.1 to 7.6 percent, and averages 
3.7 percent by weight. The insoluble residues consist of quartz, 
illite or illite/mica, microcline and kaolinite in all samples, albite 
in 33 percent, montmorillonite in 22 percent, and chlorite in 22 
percent. Stylolites are present in 22 percent of all samples , and are 
rare. 
According to Dunham's (1962) classification of carbonate rocks , 
samples belonging to Rock Type E are oolitic wackestones to 
grainstones. 
Rock Type F 
Rock Type F is confined to Section 4 and is exposed as small 
ledges of thin to medium beds. Rock Type F comprises 6.5 percent of 
Section 4. 
The weathered color of Rock Type F is commonly light gray (N7). 
The fresh color is commonly dark to medium dark gray (N3 to N4) to 
1 ight brownish gray (5 YR 6/1). 
Ooids are the dominant allochem and range from 52.5 to 62 
percent, and average 58.5 percent by vo 1 ume. Pe 11 ets are found in 
66.6 percent of all samples, and may be locally common. Intraclasts 
are present in 33.3 percent of all samples, and are uncommon. 
Dolomite Type 2 is present in all samples and ranges from 26 to 
48 percent, and averages 36.6 percent. Dolomite Type 1 is present in 
all samples in trace amounts. Sparite content ranges from 5 to 23 
percent, and averages 16 percent. Microspar and micrite are present 
in all samples, and are rare. 
Compaction features common to Rock Type Fare stylolites and 
deformed, crushed, and/or destroyed allochems. Insoluble residue 
ranges from 2.9 to 7.8 percent, and averages 4.7 percent by weight. 
Insoluble residues consist of quartz, illite or illite/mica and 
microcline in all samples, chlorite in 66 percent, and albite in 33 
percent. 
Rock Type F is an oolitic grainstone (Dunham 1962). 
Rock Type G 
Rock Type G is found in 2 of the 5 sections {1, 2). It is 
exposed as thick bedded, ledge to small-cliff-forming outcrops. Rock 
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Type G comprises 6.6 percent of Section 1 and 2 percent of Section 2. 
The weathered color of Rock Type G is commonly light gray (N7) to 
greenish gray (5 GY 6/1) to pinkish gray (5 YR 8/1). The fresh color 
is commonly medium dark gray (N4) to greenish gray (5 GY 6/1) to 
pinkish gray (5 YR 8/1). 
Ooids are the dominant allochem and range from 58.2 to 76.8 
percent, and average 66.5 percent by volume. No other allochems were 
found . 
Sparite content ranges from 13.4 to 19.5 percent, and averages 
16.4 percent. Microspar is present in all samples, and is rare. 
Micrite is present in all samples, and is uncommon. Dolomite Type 1 
is present in all samples in trace amounts. Dolomite Type 2 is 
present in 33.3 percent of all samples, and is rare. 
An i sopachous fibrous rim. cement is present in all samples, and 
may be locally common. Within the larger voids of the isopachous 
fibrous rim cement is a coarse mosaic cement which is present in all 
samples, and is uncommon. 
Compaction features such as deformed, crushed, and/or destroyed 
allochems are present in 33.3 percent of all samples, and are rare. 
Stylolites are present in 66.6 percent of all samples, and are rare. 
Insoluble residue ranges from 4.2 to 5.7 percent, and averages 5 
percent by weight. Insoluble residues consist of quartz, illite or 
illite/mica, kaolinite and chlorite in all samples, microcline in 66.6 
percent, montmorillonite in 33.3 percent, and albite in 33.3 percent. 
Rock Type G is an oolitic grainstone (Dunham 1962). 
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Rock Type H 
Rock Type His found in 4 of the 5 sections (1, 3, 4, 5). Rock 
Type H is exposed as very weathered outcrops on mostly covered slopes . 
Medium to thick, wavy to lenticular laminae are characteristic within 
thin to medium thick beds . Rock Type H comprises 7.1 percent of 
Section 1, 9.0 percent of Section 3, 1.3 percent of Section 4, and 1.5 
percent of Section 5. 
The weathered color of Rock Type H is commonly pale olive (10 Y 
6/2) to light brownish gray (6 YR 6/1). The fresh color is commonly 
grayish o l i v e ( 1 0 Y 4 I 2). 
Fossil fragments and trilobite fragments are present in all 
samples, and are found in trace amounts. Micrite content ranges from 
65.5 to 98.0 percent, and averages 82.7 percent. Microspar and 
sparite concentrations are rare, and are primarily found within lenses 
or nodules. Quartz grains may also be locally common within lenses or 
nodules . 
Insoluble residue ranges from 51 to 89 percent, and averages 68 
percent by weight . Insoluble residues consist of quartz, illite or 
illite/mica, and kaolinite in all samples, chlorite in 92 percent, 
albite in 61 percent, and microcline in 46 percent. The mica proved 
to be muscovite mica upon petrographic examination. 
According to the classification of Lundegard and Samuels (1980), 
samples belonging to Rock Type H are calcareous mudshales and/or 
clayshales. Bedding surfaces are usually wavy and occasionally 
nodular. Parting is commonly platy and/or flaggy (Potter et al . 
1980). 
Stylolites are rare. Evidence of burrowing exists as vertical 
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and horizontal burrow traces in all samples. 
Rock Type I 
Rock Type I is found in all 5 sections and may be exposed as thin 
to thickly laminated, thin to medium bedded, steep ledge-forming 
outcrops . Rock Type I comprises 8 percent of Section 1; 3.9 percent 
of Section 2; 4.4 percent of Section 3; 8.9 percent of Section 4; and 
11.4 percent of Section 5. 
The weathered color of Rock Type I is commonly light brown (5 YR 
6/ 4) to grayish orange (10 YR 7/4), and from light to medium light 
gray (N7 , N6). The fresh col or is commonly dusky yell ow (5 Y 6/4) to 
grayish orange (10 YR 7/4), and from medium to medium dark gray (N5, 
N4). 
The most diagnostic features of this rock type are the presence 
of cryptalgalaminae and small stromatolites (see Fig. 23 and 24) . 
According to Aitken's (1967) classification scheme , the stromatolites 
fJund in Rock Type I are of the Laterally Linked Hemispheroid (LLH) 
variety. The cryptalgalaminae average thickness is approximately 1 
mm. Tempestites (Seilacher 1982) are found locally common in 33 
p2rcent of all samples belonging to Rock Type I and interrupt 
cryptalgal and stromatolite formation. The lower contact between the 
t 2mpestites and cryptalgalaminae may occasionally form a micro-
Ulconformity and is often wavy, which suggests ripple marks. The 
uJper contact is usually very gradual and exhibits a slow re-
ilitiation of cryptalgal and stromatolite formation. 
According to Dunham's (1962) classification of carbonate rocks , 
RJck Type I is an algal boundstone. Rock Type I has been subdivided 
FIG . 23.--Photograph of Rock Type I, Subtype 1, exhibiting 
cryptalgalaminae. (Hammer -head is 20 em long) 
FIG. 24.--Photomicrograph of Rock Type I, Subtype 1, 
exhibiting cryptalgalaminae. 
(Width of view = 1.83 mm; with crossed 
polarizers, sample number MC1 -5) 
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into two subtypes. Subtype 1 contains cryptalgalaminae and small 
stromatolites. Subtype 2 contains tempestites, cryptalgalaminae, and 
small stromatal ites (see Fig. 25 and 26). 
Allochems are rare and may include ooids, pellets, peloids, 
intraclasts, trilobite, and other fossil fragments. 
Sparite content ranges from trace amounts to 52 percent, and 
averages 14.5 percent. Microspar content ranges from 3.5 to 69.0 
percent, and averages 25.5 percent. Micrite content ranges from 1 to 
85 percent, and averages 40 percent. Dolomite Type 1 may be locally 
common in both subtypes and is associated with tempestites and 
cryptalgalaminae. 
Insoluble residue of Subtype 1 ranges from 2.3 to 12.6 percent, 
and averages 6.4 percent by weight. Subtype 2 ranges from 14.6 to 30 
percent, and averages 18.8 percent by weight insoluble residue. 
Insoluble residues for both subtypes consist of quartz, illite or 
illite/mica, kaolinite, and albite in all samples, chlorite in 40 
percent, and microcl ine in 20 .8 percent. 
Mudcracks are present in 4 percent of all samples belonging to 
Subtype 1 of Rock Type I, are not found within cryptalgal layers, and 
may be locally common (see Fig. 27). Small laminoid birdseye 
structures (Shinn 1968) are also found with mudcracks, and are rare. 
Stylolites are rare and may be found at clastic/carbonate contacts. 
Rock Type J 
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Rock Type J is present in all 5 sections and is the most abundant 
rock type. In outcrop, it may appear as thin to thick bedded, small 
ledge-forming exposures on moderately steep slopes. Rock Type J 
FIG . 25. -- Photomicrograph of Rock Type I , Subtype 2, 
exhibiting tempestite and slow re-initiation 
of cryptalgal production . 
(Width of view 3.5 mm; with crossed 
olarizers s r MC 
otomicrograph of Rock Type I , Subtype 2, 
showing wavy, erosional contact (arrow) of 
tempestite above with underlying peritidal 
sediments. 
(Width of view = 1.83 mm; with crossed 
polarizers, sample number MCl -5) 
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FIG. 27.- -Photograph of Rock Type I, Subtype 1, with 
mudcracks. (Hammer is 32 em long) 
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comprises 23.6 percent of Section 1; 19.7 percent of Section 2; 31.5 
percent of Section 3; 31.9 percent of Section 4; and 21.9 percent of 
Section 5. 
The weathered color of Rock Type J is commonly light brown (5 YR 
6/4) to light bluish gray (5 B 7/1) and from medium light to light 
gray (N6, N7). The fresh color is commonly dark gray (N3) or medium 
light gray (N6) . 
Allochems are rare and include unidentified fossil fragments in 
98.0 percent of all samples, trilobite fragments in 90 percent, 
intraclasts in 45 percent, peloids in 45 percent, pellets in 20 
percent, ooids in 15 percent, and onkoids in 3.5 percent. 
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Micrite content ranges from 39.0 to 83.7 percent, and averages 56 
percent by volume. Microspar content ranges from 1.2 to 36 percent, 
and averages 11.5 percent by volume. Sparite content ranges from 2.1 
to 41.0 percent, and averages 13.1 percent by volume. Dolomite Type 1 
is present in 98 percent of all samples, and is rare. 
Most original sedimentary structures have been destroyed as a 
result of extensive bioturbation, which has left behind a mottled 
texture which is very common and characteristic of samples belonging 
to this rock type. 
Insoluble residue ranges from 2.4 to 11.2 percent, and averages 
4.9 percent by weight. The insoluble residues consist of quartz, 
illite or illite/mica, and kaolinite in all samples, microcline in 53 
percent, albite in 45 percent, chlorite in 17.8 percent, and 
montmorillonite in 5.3 percent. Stylolites are present in 36 percent 
of a 11 samples and are rare. 
Rock Type J are mudstones to wackestones (Dunham 1962). 
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Rock Type K 
Rock Type K is found in all 5 sections and is generally exposed 
as medium to thick beds that form large ledges to small cliffs of 
resistant rock. Rock Type K comprises 4.7 percent of Section 1; 3.9 
percent of Section 2; 8.1 percent of Section 3; 1.3 percent of Section 
4; and 6.3 percent of Section 5. 
The weathered color of Rock Type K is commonly medium to light 
gray (N6, N7) to grayish orange (10 YR 7/4). The fresh color is 
commonly dark to medi urn dark gray (N3, N4) . 
Peloids are the dominant allochem and range from 15.4 to 51 
percent, and average 31.2 percent by volume. Pellets are present in 
91 percent of all samples , and intraclasts in 45 percent, and both may 
be locally common. Ooids are present in 27 percent of all samples, 
and are rare. Unidentified fossil fragments, trilobite fragments, and 
onkoids are present in 9 percent of all samples, and are in trace 
amounts . 
Micrite content ranges from 3.5 to 19.0 percent, and averages 9.3 
percent by vo l urn e. Microspar content ranges from 23 .5 to 52.0 
percent, and averages 39 percent by volume. Sparite content ranges 
from 1 to 28 percent , and averages 11.5 percent by volume. Dolomite 
Type 1 is present in 72.7 percent of all samples, and is rare. 
Dolomite Type 2 is present in 18 percent of all samples, and is rare. 
Evidence of burrowing exists as a mottled texture in 63.9 percent of 
all samples. 
Insoluble residue ranges from 1.1 to 3.9 percent, and averages 
2.7 percent by weight. Insoluble residues consist of quartz, illite 
or illite/ mica, microcline and kaolinite in all samples, chlorite in 
45 percent, albite in 36 percent, and montmorillonite in 9 percent. 
Compaction features include deformed, crushed, and/or destroyed 
allochems in 9 percent of all samples. Stylolites are present in 91 
percent of all samples, and are rare. 
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Rock Type K are peloidal wackestones or packstones (Dunham 1962). 
Rock Type L 
Rock Type L is found in all 5 sections, and may be exposed as 
medium to thickly bedded , ledge-forming outcrops. Rock Type L 
comprises 17.1 percent of Section 1; 6.4 percent of Section 2; 4 
percent of Section 3; 4.3 percent of Section 4; and 2.9 percent of 
Section 5. 
The weathered color of Rock Type Lis commonly medium light to 
light gray (N6 , N7) to grayish orange (10 YR 7/4). The fresh color is 
commonly dark gray (N3) and medium light gray (N6). 
Pellets are the dominant allochem and range from 15.2 to 42.6 
percent , and average 34.3 percent by volume. Ooids and peloids are 
also present in all samples , and may be locally common. Fossil 
fragments are present in 66.6 percent and onkoids in 8.3 percent, and 
all are rare. Intraclasts are present in 25 percent of all samples, 
and may be locally common. 
Micrite content ranges from 1 to 28 percent, and averages 9 
percent by volume. Microspar content ranges from 10.7 to 43.2 percent 
and averages 30 percent by volume. Sparite content ranges from 1 to 
15 percent , and averages 8.5 percent by volume. Dolomite Type 1 is 
present in 91.6 percent of all samples, Dolomite Type 2 in 33.3 
percent , and both are rare. Evidence of burrowing is present as a 
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slight mottled texture present in 25 percent of all samples. 
Compaction features are present in 41.6 percent of all samples 
and include deformed, crushed, and/or destroyed allochems. Stylolites 
are present in 83.3 percent of all samples. 
Insoluble residue ranges from 0.7 to 7.6 percent, and averages 
3.25 percent by weight. Insoluble residues consist of quartz, illite 
or illite/mica, and microcline in all samples, kaolinite in 91.6 
percent, chlorite in 41.6 percent, albite in 25 percent, and 
montmori 11 on ite in 8.3 percent. 
Samples belonging to Rock Type L are pelletal wackestones, 
packstones, and grainstones (Dunham 1962). 
Rock Type M 
Rock Type M is found in all 5 sections and is most often exposed 
as resistant, medium-thick beds that form ledges which approach 1 
meter in thickness in outcrop. Rock Type M comprises 2.3 percent of 
Section 1; 1.0 percent of Section 2; 6.4 percent of Section 3; 4.3 
percent of Sect i on 4; and 1.7 percent of Section 5. 
The weathered color of Rock Type M is commonly medium dark to 
medium light gray (N4, N6) to light brownish gray (5 YR 6/1). The 
fresh color is commonly dark gray (N3) to dusky yellow (5 Y 6/4) . 
Ooids are the dominant allochem and range from 17 to 34.5 
percent, and average 26.2 percent by volume. Pellets are present in 
37.5 percent of all samples, and may be locally common. Peloids, 
intraclasts, trilobite fragments, fossil fragments, and onkoids are 
present in 12 .5 percent of all samples and are rare. Peloids and 
intraclasts are locally common. 
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Micrite content ranges from 1.5 to 28.5 percent, and averages 
12.7 percent by volume. Microspar content ranges from 28.5 to 43.0 
percent, and averages 35.4 percent by volume. Spa rite content ranges 
from 7.8 to 25 percent, and averages 13.4 percent by volume. Dolomite 
Type 1 is present in all samples and is in trace amounts. Dolomite 
Type 2 is present in all samples and ranges from 1.7 to 8 percent, and 
averages 5.3 percent by volume. 
Insoluble residue ranges from 2.1 to 6.3 percent, and averages 
4.3 percent by weight. Insoluble residues consist of quartz, illite 
or illite/mica, microcline and kaolinite in all samples, albite in 25 
percent, and chlorite in 12.5 percent. 
Compaction features include deformed, crushed, and/or destroyed 
allochems in 25 percent of all samples. Stylolites are present in 
87 . 5 percent of all samples. 
Samples belonging to Rock Type Mare oolitic wackestones, 
packstones (Dunham 1962). 
Rock Type N 
Rock Type N crops out in 4 of the 5 sections (1, 2, 4, 5). It is 
exposed as medium to thickly bedded, resistant ledges approaching 1 
meter in thickness. Rock Type N comprises 11.8 percent of Section 1; 
1.0 percent of Section 2; 1.0 percent of Section 4; and 1.3 percent of 
Section 5. 
The weathered color of Rock Type N is commonly light to very 
light gray (N7, N8) to grayish orange (10 YR 7/4). The fresh color is 
commonly medium to medium light gray (N5, N6). 
Intraclasts are the dominant allochem and range from 27.6 to 46.1 
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percent, and average 35.4 percent by vo 1 ume. Ooids are present in 75 
percent of all samples and range from trace amounts to 19.7 percent, 
and average 5 percent by volume. Pellets are present in 75 percent of 
all samples and range from trace amounts to 19.3 percent, and average 
6.2 percent by volume. Peloids are present in 50 percent of all 
samples, fossil fragments in 37.5 percent, and both are rare. Onkoids 
are present in 25 percent of all samples, and may be locally common. 
Micrite content ranges from 0.5 to 45 percent, and averages 17.2 
percent by volume . Microspar content ranges from 0.6 to 43 percent, 
and averages 18.8 percent by volume. Sparite content ranges from 5 to 
22.5 percent, and averages 12.2 percent by volume. Dolomite Type 1 is 
present in 75 percent of all samples, Dolomite Type 2 in 37.5 percent, 
and both are rare to uncommon. Evidence of burrowing is present as a 
slight mottled texture in 12.5 percent of all samples. 
Compaction features in the form of deformed, crushed, and/or 
oestroyed grains are present in 12.5 percent of all samples, and are 
common. Styl o 1 ites are present in 87.5 percent of a 11 samp 1 es. 
Insoluble residue ranges from 1.9 to 9.2 percent, and averages 5 
percent by weight. Insoluble residues consist of quartz, illite or 
illite/mica, microcline and albite in all samples, kaolinite in 87.5 
percent, and chlorite in 12.5 percent. 
Rock Type N is an intraclastic packstone (Dunham 1962). 
Rock Type 0 
Rock Type 0 crops out in 4 of the 5 sections (1, 3, 4, 5). It is 
generally exposed as thin to medium beds that occasionally form ledges 
lliat are no more than 25 em thick in poorly exposed outcrops. Rock 
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Type 0 may also contain layers of silty carbonate interbedded with a 
more pure carbonate in laminations generally thinner than 5 mm. Rock 
Type 0 comprises 1 percent of Section 1; 3.1 percent of Section 3; 8.6 
percent of Section 4; and 17.7 percent of Section 5. 
The weathered color of Rock Type 0 is commonly medium to medium 
light gray (N5, N6) and yellowish gray (5 YR 7/2) for the silty 
carbonate layers. The fresh color is commonly dark gray (N3) and 
yellowish gray (5 Y 7/2) for the silty carbonate layers. 
Allochems, if present, are rare and include peloids in 25 percent 
of all samples, fossil fragments in 12.5 percent, trilobite fragments 
in 12.5 percent, pellets and ooids in 6.2 percent. 
Micrite content ranges from 5 to 33 percent, and averages 19.8 
percent by volume. Microspar content ranges from 40 to 84 percent, 
and averages 60.3 percent by volume. Sparite content ranges from 4 to 
29 percent, and averages 12.5 percent by volume. Dolomite Type 1 is 
present in 75 percent of all samples, and is rare. 
The silty carbonate or calcareous silty layers are laminations 
between 1 to 5 mm thick that are parallel, slightly wavy, and 
occasionally irregular. The irregularities may be due to slight 
burrowing since there is limited evidence of burrowing in 62.5 percent 
of all samples. 
Insoluble residue content ranges from 3.7 to 37.6 percent, and 
averages 19.7 percent by weight. In soluble residues consist of 
quartz, illite or illite/mica, and kaolinite in all samples, 
microcline in 68.8 percent, albite in 37.5 percent, and chlorite in 
12.5 percent. Stylolites are present in 93.7 percent of all samples 
and are rare. 
Rock Type 0 is a mudstone (Dunham 1962). 
Rock Type P 
Rock Type P crops out only at the base of Section 3 and is 
exposed as thin to thick, resistant beds. Rock Type P comprises 1.2 
percent of Section 3 (see Fig. 28). 
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The weathered color of Rock Type P is commonly grayish orange (10 
YR 7/4) . The fresh color is commonly grayish orange (10 YR 7/4) to 
medium dark gray (N4). 
Ooids are the dominant allochem and range from 10.5 to 32.5 
percent, and average 21.5 percent by volume. Pellets, peloids, fossil 
fragments, and trilobite fragments are present in all samples, and are 
rare. Intraclasts are present in 50 percent of all samples, and are 
locally common. Quartz is present in all samples and ranges from 11.2 
to 23.7 percent, and averages 17.5 percent by val ume. 
Micrite content ranges from trace amounts to 3.7 percent, and 
averages 1.9 percent by volume. Microspar content ranges from 5.2 to 
33 .7 percent, and averages 19.5 percent by volume. Sparite content 
ranges from 19 to 19.5 percent and averages 19.25 percent by volume. 
Dolomite Type 1 and 2 are present in 50 percent of all samples, and 
are rare . 
Insoluble residue ranges from 34.8 to 36.7 percent, and averages 
35.7 percent by weight. Insoluble residues consist of quartz, 
microcl ine, illite or illite/mica, kaolinite, and chlorite in all 
samples. No stylolites are present. 
Rock Type P is an oolitic grainstone (Dunham 1962}. 
FIG. 28.- -Photomicrograph of Rock Type P, exhibiting the 
contact between Geersten Canyon Quartzite 
(bottom) and the Langston Formation (top) . 
Contact is marked by arrows. (Width of view 
1.83 mm ; with crossed polarizers , sample 
numbe r MCr3 -3) 
11 6 
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Rock Type Q 
Rock Type Q crops out at the base of 2 sections (2, 3). It is 
exposed as thin to thick, steep ledge-forming beds which are 
interbedded with Geersten Canyon Quartzite and thin beds of more 
calcareous quartzite. In addition, in the approximate middle of 
Section 2, a 10 em thick reddish colored bed of Rock Type Q is present 
at the center of a 2 to 3 meter thick ledge of oolite-rich packstones 
and grainstones . Rock Type Q comprises 1.0 percent of Section 2 and 
1.0 percent of Section 3 (see Fig. 29). 
The weathered color of Rock Type Q is commonly grayish orange (10 
YR 7/4) to grayish red (10 R 4/2). The fresh color is commonly 
moderate yellowish brown (10 YR 5/4) to pale reddish brown (10 R 5/4). 
The quartz content ranges from 71.2 to 82.3 percent, and averages 
76 percent by volume. Microcline is present in all samples, and is 
rare. Average quartz grain size is 0.05 mm to 0.06 mm. 
Micrite and microspar are present in 25 percent of all samples, 
and are rare. Sparite is present in all samples and ranges from 11.3 
to 23.6 percent, and averages 18.5 percent by volume. Dolomite Type 1 
is present in 25 percent of all samples in trace amounts. 
Insoluble residue ranges from 53.8 to 80.5 percent, and averages 
64.1 percent by weight. Insoluble residues consist of quartz, 
microcline, illite or illite/mica, and albite in all samples, and 
chlorite and hematite in 25 percent. 
According to Folk's (1968) classification of terrigeneous 
sandstones, Rock Type Q is a quartz arenite. According to Mount's 
(1985) classification of siliciclastic and carbonate sediments, Rock 
Type Q is a sparite sandstone. 
FIG . 29 .-- Photomicrograph of Rock Type Q. 
(Width of view= 1.83 mm; with 






Petrographic , Insoluble-Residue, and X-ray Data 
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Explanation 
The compositions of insoluble-residue samples are listed in order 
of decreasing relative peak heights. 
Rock types are described in Appendix A. 
Environment A = Peritidal Carbonate Complex 
Environment B Agitated Carbonate Shoal 
Environment C Inner Marine Shelf 
Environment D Outer Marine Shelf 
Mink Creek-Section 1 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I MC 1-1 1 A Limestone : Parallel to wavy. silty to I 1 30.4 lquartz, i 11 ite, dolomitic cryptalgalaminae, mica bearing, 1 albite, kaolinite, 
quartzose, LLH-stromatolitic boundstone chlorite 
with stylolites. 
MC 1-2 1 A Limestone: Parallel to wavy, silty to I2 13.6 quartz, i 11 i te, dolomitic cryptalgalaminae, mica and kaolinite, albite, 
quartz bearing, LLH-stromatolitic bound- microcline, 
stone with stylolites and tempestites. chlorite 
MC 1-3 2 B Limestone: dolomite and quartz bearing, E 3.8 quartz, i 11 i te, 
hematite stained, oolitic grainstone. albite, kaolinite, 
montmorillonite, 
chlorite 
MC 1-4 3 A Limestone: Parallel to wavy, silty to 12 14.6 quartz, i 11 ite, 
dolomitic cryptalgalaminae, mica and quartz albite, kaolinite, 
bearing, LLH-stromatolitic boundstone with chlorite 
stylolites and tempestites. 
I~C 1-5 3 A Limestone: Parallel to wavy, silty to I1 1.5 quartz, i 11 ite, dolomitic cryptalgalaminae, mica and quartz albite, kaolinite, 
bearing, LLH-stromatolitic boundstone. chlorite 
~1C 1-6 4 D Mudrock: Parallel to wavy to nodular, H 52.6 quartz, i 11 ite, 
platy to flaggy, medium laminated burrowed, kaolinite, albite, 
hematite stained, quartz bearing, chlorite 
calcareous mudshale with stylolites 
N 
Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I I 
1MC 1-7 4 0 lMudrock: Parallel to wavy to nodular, H 87 .3 quartz, i 11 ite, 
lplaty to flaggy, medium to thickly microcline 
llaminated, burrowed, hematite stained, 
lquartz and mica bearing, calcareous clay-
lshale with stylolites. 
I 
I 
MC 1-8 4 0 'Mudrock: Parallel to wavy to nodular, H 83.5 quartz, fll ite, 
platy to flaggy, medium to thickly albite, kaoH nite, 
laminated, burrowed, hematite stained, chlorite 
quartz and mica bearing, calcareous clay-
shale with stylolites. 
MC 1-9 5 c Limestone: Dolomite, quartz, onkoid, . and J 2.9 quartz, microcline, 
trilobite bearing, burrowed fossiliferous i 11 ite, kaolinite 
wackestone with stylolites. 
I 
I 
MC 1-10 5 c Limestone: Quartz and mica bearing, mud- J 10.5 quartz, fll i te, I I 
stone with stylolites. ,microcline I I 
I I 
I I af~C 1-11 5 c Limestone: Quartz, trilobite, fossil J 9.1 lquartz, microcline, I fragment bearing, intraclastic rich !illite, kaolinite, I I 
,wackestone with stylolites. 'chlorite I I I 
I I 
1MC 1-12 5 c l Limes tone: Pe 11 et, pe 1 oi d, fossil frag- J 8.6 quartz, illite, 
lment, trilobite, intraclast, quartz and albite, microcline, 1mica bearing, dolomitic wackestone with kaolinite, chlorite, 
stylolites. 
MC 1-13 5 c Limestone: Quartz and mica and dolomite c 12.1 quartz, illite, 
bearing recrystallized mudstone with albite, microcline, 
stylolites. kaolinite, mont-
mori 11 onite 
N 
N 
Sample Envi- Rock Percent Insoluble Residue 







l~C 1-14 5 
MC 1-15 5 
lMC 1-16 5 
I 
~1C 1-17 6 







11-1C 1-19 7 








Limestone: Quartz , mica, dolomite bearing, J 
bioturbated, hemat i te stained mudstone 
with stylolites. 
limestone: Quartz, mica, dolomite bearing, C 
hematite stained, recrystallized mudstone 
with stylolites. 
Limestone : Trilobite, fossil fragment, J 
quartz and dolomite bearing, hematite 
stained mudstone with stylolites . 
Limestone: Trilobite, fossil fragment , N 
dolomite and isopachus fibrous rim cement 
bearing, hematite stained, intraclastic 
packstone with stylolites. 
Limestone : Peloid, trilobite, fossil frag- N 
ment, dolomite and quartz bearing, intra-
clastic wackestone with stylolites. 
Limestone: Trilobite, fossil fragment, L 
intraclast, and dolomite bearing, biotur-
bated, peloidal wackestone with stylolites. 
Limestone : Trilob i te, fossil fragment, L 
intraclast, and dolomite bearing, biotur-















































Number Unit ronment 
MC 1-21 7 







111( 1-23 7 
t~C 1-24 7 
MC 1-25 7 










Limestone: Ooid, trilobite, intraclast, K 
and dolomite bearing, pellet rich, biotur-
bated, hematite stained, peloidal pack-
stone with stylolites. 
Limestone: Trilobite, dolomite and quartz J 
bearing, bioturbated, highly fractured, 
pelletal wackestone with stylolites. 
Limestone: Trilobite, fossil fragment, J 
dolomite and quartz bearing, hematite 
stained, bioturbated, mudstone with 
stylolites. 
Limestone: Trilobite, fossil fragment and J 
dolomite and quartz bearing, hematite 
stained, bioturbated, intraclastic 
.wackestone with stylolites. 
I 
I 
lLimestone: Peloid, trilobite, fossil frag- J 
1ment, quartz and dolomite bearing, hematite 
stained, bioturbated, mudstone with 1 
stylolites. 
Limestone: Dolomite bearing, hematite G 





































Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I I 
I I I 
:Me 1-27 8 B :Limestone: Ooid and dolomite bearing L 3. 1 quartz, illite, I I 
I 1 hematite stained, peloid rich, pelletal microcline, albite,: I 
I grainstone with stylolites. kaolinite, chlorite: I 
I montmorillonite I I I 
I 
1 
MC 1-28 9 c Limestone: Ooid, peloid, and quartz bear- J 2.4 quartz, microcline, 
ing, pelletal wackestone with styloli-tes. illite, kaolinite, 
chlorite 
MC 1-29 10 B Limestone: Ooid, peloid, quartz and dolo- D 2.1 quartz, microcline, 
I 1mite bearing, hematite stained, pelletal illite, a 1 bite, 
I :packstone with stylolites. kaolinite I 
I I 
I I 
•Me 1-30 10 B :Limestone: Quartz and dolomite bearing, M 2.1 quartz, microcline, 
1 hematite stained, slightly compacted, illite 
pellet rich, oolitic grainstone with 
stylolites. 
MC 1-31 11 c Limestone: Quartz and dolomite bearing, L 2.2 quartz, illite, 
hematite stained, compacted, ooid rich, kaolinite, 
pe 11 eta 1 packstone with stylolites. microcline, albite 
MC 1-32 11 c limestone: Quartz and dolomite bearing, L 1.0 quartz, microcline, 
compacted, ooid rich pelletal packstone illite, chlorite 
with stylolites. 
MC 1-33 11 c Limestone: Quartz bearing, compacted, ooid l 1.0 quartz, i 11 ite, 
rich pelletal packstone with stylolites. kaolinite, 
microcline, albite, 
chlorite, 
• montmori 11 onite 
N 
U1 
Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I 
lMC 1-34 12 A Limestone : Ooid and dolomite bearing, N 5.8 quartz, i 11 i te, I pelletal r i ch, compacted, intraclastic microcline, albite, I I packstone with stylolites. kaolinite, chlorite I I 
I 
'MC 1-35 13 B Limestone: Pellet and dolomite bearing, E 3. 3 quartz, i 11 ite, 
hematite stained, oolitic packstone, microcline, albite, 
,with stylolites. kaolinite, chlorite I 
montmorillonite I I 
I 
MC 1-36 14 c lLimestone : Ooid, peloid, intraclast, and D 2. 3 1microcline, quartz, 
' dolomite bearing, hematite stained, l illite, albite, 
pelletal packstone with stylolites. lkaolinite, chlorite 
I 
I 
,Me 1-37 14 c Limestone: Ooid, quartz and dolomite c 2.8 lmicrocline, quartz, I bearing , hematite stained, recrystallized, l i 11 i te, a 1 bite I I pelletal wackestone with stylolites. I I I I I I I 
'MC 1-38 15 B Limestone: Trilobite, intraclast, fossil E 2.1 lquartz, i 11 i te, 
fragment, dolomite and quartz bearing, lmi crocl i ne, albite 
hematite stained, pellet rich, oolitic I I 
packstone with stylolites. I I 
I 
I MC 1-39 16 c Limestone: Ooid, pellet, fossil fragment, J 4.7 I quartz, i 11 ite, 
quartz and dolomite bearing, hematite 'microcline, albite 
stained, wackestone with stylolites. 
MC 1-40 17 A Limestone: Dolomite bearing, ooid and N 4.3 quartz, illite, 





Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I 
:Me 1-41 17 B Limestone: Ooid, peloid, trilobite, foss1l N 3.1 quartz, illite, 
I fragment, dolomite and quartz bearing, albite, microcline, I 
I pellet and onkoid rich, hematite stained, kaolinite I 
I slightly compacted intraclastic packstone. I 
I 
I 
1MC 1-42 17 B Limestone: Ooi d, intraclast, onkoid, L 4.6 quartz, illite, 
dolomite and quartz bearing, peloid rich, albite, kaolinite, 
hematite stained, slightly compacted, microcline, 
pelletal packstone with stylolites. chlorite 
I 
Me 1-43 18 c Limestone: Pellet, onkoid, dolomite, and K 3.3 :quartz, i 11 ite, 
I quartz bearing, hematite stained, intra- :albite, microcline,, 
I clast rich, peloidal packstone. :kaolinite, chlorite I 
I I 
I I 
:Me 1-44 5 e Limestone: Quartz and dolomite bearing, 0 34.8 :quartz, illite, 
I burrowed, hematite stained, onkoid rich, 1 albite, kaolinite I 
I silty mudstone with stylolites. I 
I 
I 
1 Me 1-45 4 D Mudrock: Parallel to wavy to nodular, H 87.3 quartz, i 11 i te, 
platy to fla~gy, medium to thickly albite, microcline, 
laminated, burrowed, hematite stained, kaolinite 
quartz and mica bearing, calcareous mud-
shale with stylolites. 
Soda Point-Section 2 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
lSP 2-1 0 0 Sandstone: M1crocl1ne, alblte and m1ca Q 58.3 quartz, m1crocl1ne, 
I bearing, calcite cemented, quartz arenite. i 11 ite, a 1 bite I 
I 
I 
•sp 2-2 1 c Limestone: Quartz and dolomite bearing, K 11.1 quartz, microcline, 
onkoid rich, highly fractured, pelletal il1ite, kaolinite, 
,wackestone with stylolites. chlorite, albite 
I 
I 
SP 2-3 2 A l Lime stone: Ooid, pellet, peloid, onkoid, N 6.1 quartz, i 11 ite, 
ldolomite and quartz bearing, hematite mi c roc 1 i ne , 
lstained, highly fractured, slightly com- kaolinite, chlorite 
l pacted, intraclastic packstone with a 1 bite 
stylolites. 
SP 2-4 3 A Dolostone: Quartz bearing, hematite A 2.1 quartz, i 11 ite, 
stained, highly fractured, crystalline ,microcline, albite, 
dolostone with stylolites. lkaolinite, chlorite 
lmontmorillonite I 
I I 
I I I 
'SP 2-5 3 A Dolostone: Quartz bearing, hematite A 1.4 lquartz, i 11 ite, I I 
staifled, fractured, crystalline dolomite lmicrocline, I I 
,with stylolites. lkaolinite, chloritel 
I I I 
I I 
SP 2-6 3 A lDolostone: Quartz bearing, hematite A 0.7 lquartz, i 11 ite, 
lstained, fractured, crystalline dolomite lkaolinite, micro-
1with stylolites. lcline, chlorite, 
'montmorillonite 
SP 2-7 3 A Dolostone: Quartz bearing, hematite A 0.7 quartz, illite, 
stained, fractured, crystalline dolomite kaolinite, micro-
with styl o 1 ites. cline, albite, 
chlorite N 
co 
Sample Envi- Rock Percent Insoluble Residue ~lumber Unit ronment Rock Name Type Insoluble ~omposition I 
I I I 
:sP 2-8 3 A 'Dolostone: Quartz bearing, hematite A 2. 2 :quartz, kaolinite, I 
stained, crystalline dolostone with :illite, chlorite, I I stylolites. 
'microcline I I 
I 
:sP 2-9 3 A Dolostone: Quartz bearing, hematite A 1.7 quartz, kaolinite, I 
stained, crystalline dolostone with albite, chlorite I I 
styl o 1 ites. I 
I 
I 
:sP 2-10 3 A Dolostone: Hematite stained, crysta 11 i ne A 1.7 quartz, i 11 ite, 
dolostone with stylolites. kaolinite, micro-




I SP 2-11 3 A Dolostone : Hematite stained, crysta 11 i ne A 0. 9 :quartz, illite, 
dolostone with stylol1tes. 'microcline, 
chlorite 
montmorillonite 
SP 2-12 3 A Dolostone: Hematite stained, crystalline A 1.0 quartz, i 11 ite, 
dolostone with stylolites. kaolinite, albite, 
chlorite, micro-
cline 
SP 2-13 3 A Dolostone: Hematite stained, crystalline A 4.6 quartz, kaolinite, 
dolostone with stylolites. i 11 ite, chlorite, 
albite, microcline 
SP 2-14 3 A Dolostone: Hematite stained, crystalline A 1.3 quartz, i 11 ite, 
dolostone with stylolites. microcline, albite,: 





Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I I 
•sp 2-22 5 B I Dolostone: Quartz bearing, peloidal rich, M 5.3 I quartz, i 11 ite, 
'hematite stained, calcareous oolitic 1microcline, albite, 
packstone with stylolites. chlorite, hematite 
SP 2-23 5 B Limestone: Quartz and dolomite bearing, G 5.7 quartz, i 11 ite, 
hematite rich, isopachous fibrous rim kaolinite, micro-
cemented, oolitic grainstone. cline, chlorite, 
hematite 
SP 2-24 5 B Limestone: Pellet, quartz and dolomite G 5.3 quartz, illite, 
bearing, hematite rich, isopachous fibrous albite, kaolinite, 
rim cemented, oolitic grainstone with chlorite, hematite 
stylolites. 
SP 2-25 5 B Sandstone: Glauconite, microcline, and Q 80.1 quartz, microcline, 
albite bearing, hematite rich, calcite albite, illite, 
cemented, quartz arenite chlorite, hematite 
SP 2-26 5 c Limestone: Ooid, peloid, trilobite, intra- L 7.6 quartz, i 11 ite, 
clast, fossi 1 fragment, quartz and dolomite albite, kaolinite, 
bearing, hematite stained, pelletal chlorite 
,wackestone with stylolites. 
I 
I 
SP 2-27 6 c I Limestone: Quartz and dolomite bearing, K 3.3 microcline, quartz,~ 
!intraclast rich, bioturbated, peloidal illite, kaolinite, 
I wackestone. montmorillonite 
I I 
I I 
SP 2-28 6 c I Limestone: Quartz, dolomite and peloid J 2.7 I quartz, i 11 ite, 
lbearing, bioturbated, mudstone. !kaolinite, micro-





Number Unit ronment Rock Name 
I 
I I 
'SP 2-29 7 A l Limestone: Trilobite, fossil fragment and 
lquartz bearing, parallel to wavy, silty to 
'dolomitic cryptalgalaminae, LLH-stromato-
lite rich, dolomitic boundstone. 
SP 2-30 8 c Limestone: Ooid, pellet, peloid, trilobite 
fossil fragment, dolomite and quartz 
bearing, hematite stained, bioturbated, 
intraclastic wackestone with stylolites. 
SP 2-31 8 c Limestone: Pellet, peloid, trilobite, 
intraclast, fossil fragment, quartz and 
mica bearing, hematite stained, bioturbated 
fractured, dolomitic mudstone with 
stylolites. 
SP 2-32 8 c Limestone: Trilobite, intraclast, fossil 
fragment, dolomite and quartz bearing, 
bioturbated, hematite stained, mudstone 
with stylolites. 
SP .2-33 8 c Limestone: Quartz, mica and dolomite 






























Marsh Creek-Section 3 
Envi- Rock Percent Insoluble Residue Sample 
Number Unit ronment Rock Name Type Insoluble Composition .--~----~--,-------~~~----------~----------------------~~~-r----------r-~~~----~-----1 I I 
'MCr 3-1 0 0 Sandstone: Microcline, albite and mica 0 80.5 quartz, microcline,: 
MCr 3-2 0 0 
MCr 3-3 1 B 
MCr 3-4 1 B 
MCr 3-5 , 2 c 
MCr 3-6 3 0 
bearing, calcite cemented, quartz arenite . albite, illite, : 
kaolinite, chlorite: 
Sandstone: Microcline, albite and mica 
bearing, calcite cemented, quartz arenite. 
,Limestone: Trilobite, fossil fragment, 
lglauconite and microcline bearing, quart-
lzose, oolitic grainstone. 
I 
I 
lLimestone: Pellet, peloid, trilobite, 
lonkoid, fossil fragment, dolomite, and 
'microcline bearing, hematite stained, 
intraclast rich, quartzose oolitic grain-
stone with stylolites. 
Limestone: Pellet, fossil fragment, 
dolomite, and ouartz bearing, hematite 
stained, intraclast rich, peloidal pack-
stone. 
Mudrock: Parallel to wavy to nodular, 
platy to flaggy, medium to thickly 
laminated, burrowed, hematite stained, 
quartz, mica, glauconite and dolomite 































Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I I I 1MCr 3-7 3 0 lMudrock: Parallel to wavy to nodular, H 73.7 lquartz, illite, 
lplaty to flaggy, medium to thickly kaolinite, chlorite 
laminated, burrowed, hematite stained, a 1 bite 
quartz, mica, glauconite and dolomite 
bearing, calcareous mudshale with 
styl o 1 ites. 
MCr 3-8 4 B Limestone: Quartz and dolomite bearing, M 4.8 quartz, i 11 ite, 
compacted, hematite stained, oolitic kaolinite, micro-
packstone with stylolites. cline, albite, 
chlorite 
MCr 3-9 5 c Limestone: Ooid, pellet, intraclast, K 1.9 quartz, i 11 ite, 
dolomite, and quartz bearing, fractured, albite, kaolinite, 
hematite stained, peloidal wackestone chlorite 
with stylolites. 
,Mer 3-10 5 c limestone: Ooid, peloid, trilobite, fossil 0 8.9 quartz, i 11 ite , I fragment, dolomite and quartz bearing, kaolinite, albite, I I hematite stained, fractured, recrystallized mi c roc 1 i ne , I I pelletal wackestone with stylolites. ,montmorillonite I I I I I 
'MCr 3-11 6 A Limestone: Pellet, trilobite, fossil 12 29.8 lquartz, microcline, fragment, mica, and microcline bearing, !kaolinite, illite 
parallel to wavy, silty to dolomitic 
cryptalgalaminae, hematite stained, LLH-
stromatolite, quartzose dolomitic bound-
stone with stylolites and tempestites. 
Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition 
:Mer 3-12 7 c 1 Limestone: Fossil fragment, dolom1te, J 19.9 quartz, 1ll ite, I quartz and mica bearing, bioturbated, kaolinite, micro-I I silty mudstone with stylolites. cline, albite I I 
I 
:Mer 3-13 7 c Limestone: Quartz and dolomite bearing, c 6.9 quartz, i 11 ite, I 
recrystallized mudstone with stylolites. kaolinite, albite, I I 
chlorite I I 
I 
:Mer 3-14 7 c Limestone: Quartz bearing, intraclastic J 25.4 quartz, i 11 ite , I 
siliceous wackestone with stylolites. kaolinite, I I 
microcline, albite, I I 
chlorite I I 
I 
'Mer 3-15 7 c limestone: Ooid, pellet, peloid, intra- J 22.5 quartz, illite, 
clast, quartz, and dolomite bearing, kaolinite, chlorite 
hematite stained, siliceous wackestone albite 
with stylolites. 
MCr 3-16 8 B limestone: Pellet, quartz and dolomite M 5.2 quartz, i 11 ite, 
bearing, hematite stained, compacted, kaolinite, chlorite 
oolitic packstone with stylolites. albite 
MCr 3-17 9 A Limestone: Peloid, quartz and dolomite N 5.4 quartz, illite, 
bearing, hematite stained, highly kaolinite, albite 
fractured, recrystallized intraclastic 
packstone with stylolites. 
MCr 3-18 9 A Limestone: Quartz and mica bearing, 11 2.1 quartz, i 11 ite, parallel to wavy, silty to dolomitic kaolinite, chlorite 
cryptalgalaminae, LLH-stromatolite, 
dolomitic boundstone with stylolites. 
w 
(J"1 
Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I 
I ~Mer 3-19 10 c Limestone: Quartz and dolomite bearing, K 2.9 !quartz, illite, I hematite stained, highly fractured, !kaolinite, albite, I I peloidal wackestone with stylolites. :chlorite I I 
I 
1MCr 3-20 11 8 Limestone: Fossil fragment, dolomite, M 5.0 quartz, i 11 ite, 
quartz and mica bearing, hematite stained, kaolinite, albite, 
oolitic packstone with stylolites. chlorite 
MCr 3-21 12 I D Mudrock: Quartz and mica bearing, parallel H 57.5 i 11 ite, quartz, 
to wavy, platy to flaggy, medium to thickly kaolinite, chlorite 
laminated, burrowed, hematite stained, albite 
fossiliferous calcareous mudshale with 
stylolites. 
MCr 3-22 13 c Limestone: Quartz bearing, burrowed, 0 35.6 quartz, kaolinite, 
hematite stained, recrystallized, dolomitic i 11 ite, chlorite, 
siliceous mudstone with stylolites. albite 
MCr 3-23 14 D Mudrock: Quartz and mica bearing, parallel H 70.2 quartz, kaolinite, 
to wavy to nodular, platy to flaggy, i 11 i te, chlorite, 
medium to thickly laminated, burrowed albite 
hematite stained, dolomitic calcareous 
mudshale with stylolites. 
MCr 3-24 15 c Limestone: Quartz and dolomite bearing, J 2.38 quartz, i 11 ite, 
bioturbated, hematite stained, mudstone .chlorite, kaolinite 











Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I 
'MCr 3-25 15 c Limestone: Trilobite, fossil fragment, J 7.2 lquartz, i 11 i te, 
dolomite and quartz bearing, bioturbated, 'chlorite, kaolinite 
hematite stained, intraclastic wackestone a 1 bite 
with stylolites. 
MCr 3-26 15 c Limestone: Peloid, trilobite, fossil frag- J 14.2 quartz, i 11 ite, 
ment, dolomite, mica, and quartz bearing, kaolinite, albite, I bioturbated, hematite stained, intraclastic chlorite 
siliceous wackestone with stylolites. 
MCr 3-27 15 c Limestone: Quartz and mica bearing, 0 21.6 quartz, kaolinite, 
hematite stained, bioturbated, recrystal- chlorite, i 11 ite, 
1ized dolomitic siliceous, mudstone with albite 
stylolites. 
MCr 3-28 15 c Limestone: Quartz and mica bearing, 0 29.8 quartz, microcline, 
hematite stained, bioturbated, recrystal - chlorite, kaolinite 
lized dolomitic siliceous mudstone with 
stylolites. 
MCr 3-29 15 c Limestone: Trilobite, fossil fragment, L 4. 5 quartz, microcline, 
dolomite, quartz and mica bearing, i 11 ite 
hematite stained, bioturbated, wackestone 
with stylolites. 
MCr 3-30l 15 c Limestone: Quartz and dolomite bearing, c 5.5 quartz, microcline, 
I recrystallized mudstone with stylolites. kaolinite, i 11 ite, I 
I 
chlorite, vermicu-I 





Bloomington Canyon-Section 4 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I I 
BC 4-1 1 B :Limestone: Intraclast , quartz , mica, and F 7.8 :quartz, illite, 
:dolomite bearing, hematite stained, oolitic ' microcline 
:packstone/grainstone with stylolites. 
I 
I 
BC 4- 2 2 D :Mudrock : Quartz, mica, microcline, H 63.7 quartz, microcline, 
:glauconite, and dolomite bearing, parallel i 11 ite 
:to wavy to nodular, platy to flaggy, 
:medium to thickly laminated, burrowed, 
:hematite stained, partially recrystallized , 
:calcareous mudshale with stylolites. 
I 
I 
BC 4-3 2 D :t4udrock : Quartz, mica, microcline, H 56.3 quartz, kaolinite, 
:glauconite, fossil fragment and dolomite i 11 ite, microcline, 
bearing, parallel to wavy to nodular, albite 
platy to flaggy, medium to thickly 
laminated, burrowed, hematite stained, 
partially recrystallized, calcareous mud-
shale with stylolites. 
BC 4-4 2 D Mudrock: Quartz, mica, microcline, H 51.1 quartz, kaolinite, 
glauconite, and dolomite bearing, parallel i 11 ite, chlorite, 
to wavy to nodular, platy to flaggy, a 1 bite, microcline 
medium to thickly laminated, burrowed, 
hematite stained, partially recrystallized, 














Number Unit ronment Rock Name 
I 
I I 
'BC 4-5 2 D lMudrock: Quartz, mica, microcline, 
lglauconite, fossil fragment and dolomite 
lbearing, parallel to wavy to nodular, 
lplaty to flaggy, medium to thickly 
laminated, burrowed, hematite stained, 
partially recrystallized, calcareous mud-
shale with stylolites. 
BC 4-6 3 A Limestone: Quartz and mica bearing, 
para11 el to wavy, silty to dolomitic 
cryptalgalaminae, LLH-stromatolite, 
dolomitic boundstone with stylolites and 
tempestites. 
BC 4-7 3 A Limestone: Quartz and mica bearing, 
parallel to wavy, silty to dolomitic 
cryptalgalaminae, LLH-stromatolite, 
dolomitic boundstone with stylolites. 
BC 4-8 3 A Limestone: Quartz and mica bearing, 
parallel to wavy, silty to dolomitic 
cryptalgalaminae, LLH-stromatolite, 
dolomitic boundstone. 
BC 4-9 3 A 'Limestone: Quartz and mica bearing, 
parallel to wavy, silty to dolomitic 
cryptalgalaminae, LLH-stromatolite, 




















I kaolinite, albite, 
'chlorite 
quartz, i 11 ite, I 
kaolinite, chloritel 
albite 











Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I I 
'BC 4-10 4 c l Limestone: Ooid, quartz and dolomite L 2.3 quartz, microcline, 
'bearing, hema~ite stained, bioturbated, illite, kaolinite pelletal and peloidal wackestone with 
stylolites. 
BC 4-11 5 B Limestone: Peloid bearing, hematite F 3.5 quartz, il'l ite, 
stained, compacted, dolomitic oolitic microcline, 
grainstone. chlorite 
BC 4-12 5 B Limestone: Quartz bearing, hematite F 2.9 quartz, illite, 
stained, compacted, peloid rich, dolomitic microcline, 
oolitic grainstone. chlorite, albite 
BC 4-13 6 c Limestone: Quartz and dolomite bearing, c 3.3 microcline, quartz, 
I hematite stained, recrystallized mudstone illite, kaolinite I 
with styl o 1 ites. I 
I 
I 
lBC 4-14 6 c Limestone: Intraclast, quartz and dolomite J 10.0 quartz, microcline, I bearing, hematite stained, siliceous i 11 ite, kaolinite I 
peloidal wackestone with stylolites. 
BC 4-15 6 c Limestone: Peloid, dolomite and quartz 0 13.8 quartz, albite, 
bearing, hematite stained, bioturbated, illite, microcline, 
recrystallized, siliceous mudstone with kaolinite, chlorite 
stylolites. 
BC 4-16 6 c Limestone: Peloid, dolomite and quartz 0 6.5 quartz, microcline, 
bearing, hematite stained, recrystallized, illite, kaolinite, 
mudstone with stylolites. chlorite 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
BC 4-17 6 c lLimestone: Ooid and quartz bearing, K 1.7 quartz, microcline, 
I bioturbated, recrystallized, peloidal illite, chlorite, 
•wackestone. kaolinite 
BC 4-18 6 c Limestone: Quartz and dolomite bearing, c 3.5 microcline, quartz, 
hematite stained, recrystallized, biotur- illite, kaolinite, 
bated, mudstone with stylolites. chlorite 
BC 4-19 7 A Limestone: Trilobite intraclast, fossil !2 8.9 albite, microcline, 
fragment, quartz and mica bearing, parallel quartz, i 11 i te, 
to wavy, silty to dolomitic cryptalgal- kaolinite, chlorite 
aminae, hematite stained, LLH-stromatolite 
.boundstone with stylolites and tempestites . 
I 
I 
BC 4-20 8 c l Limestone: Ooid, pellet, peloid, trilobite J 8.9 quartz, illite, 
I intraclast, fossil fragment, dolomite, albite, microcline, 
lglauconite, mica, microcline and quartz kaolinite, chlorite 
lbearing, hematite stained, wackestone/ 
lmudstone with stylolites. 
I 
I 
BC 4-21 9 A 1Limestone: Mica and microcline bearing, J 23.4 quartz, microcline, 
hematite stained, bioturbated, birdseye illite, kaolinite, 
bearing, quartzose dolomitic wackestone chlorite 
with stylolites. 
Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I 1BC 4-22 10 B Limestone: Pellet, trilobite, onkoid, M 4.0 quartz, microcline, fossil fragment, quartz, mica, microcline i 11 ite, kaolinite, 
and dolomite bearing, hematite stained, albite, chlorite 
isopachus fibrous rim and coarse mosaic 
cemented, peloid rich, oolitic packstone 
,with stylolites and compaction features. 
BC 4-23 11 c Limestone: Ooid, pellet, peloid, trilobite J 12.1 lquartz, microcline, 
fossil fragment, quartz and dolomite l a 1 bite , i 11 ite , 
bearing, bioturbated, intraclastic wacke- 'kaolinite 
stone with stylolites. 
BC 4-24 11 c Limestone: Trilobite, fossil fragment, J 5.8 quartz, microcline, 
quartz and dolomite bearing, bioturbated, i 11 i te, a 1 bite, 
partially, recrystallized mudstone with chlorite, kaolinite I stylolites. I 
I 
I 
BC 4-25 11 c l Limestone: P~loid, intraclast, fossil J 12.1 quartz, i 11 ite, 
lfragment, dolomite quartz and glauconite kaolinite, chlorite 
lbearing, bioturbated, highly fractured, 1microcline, albite 
'mudstone with stylolites. I I 
I 
I BC 4-26 11 c Limestone: Trilobite, fossil fragment, J 12.9 lquartz, illite, 
quartz, and dolomite bearing, hematite lkaolinite, chlorite 
stained, bioturbated, mudstone with 'microcline, albite 
stylolites. 
BC 4-27 11 c Limestone: Ooid, trilobite, fossil frag- c 5.0 microcline, quartz, 
ment, dolomite and quartz bearing, bio- illite, kaolinite 





Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I 
'BC 4-34 11 c Limestone: Peloid, trilobite, intraclast, J 5.9 !quartz, illite, 
fossi 1 fragment, quartz and dolomite !kaolinite, 
bearing, bioturbated, mudstone/wackestone 'microcline 
with stylolites. 
BC 4-35 11 c Limestone: Peloid, trilobite, fossil frag- J 7.5 quartz, microcline, 
ment, dolomite and quartz bearing, hematite illite, kaolinite, 
stained, bioturbated, intraclastic wacke- montmorillonite 
stone with stylolites. 
BC 4-36 11 c Limestone: Ooid, pellet, peloid, fossil J 5.4 quartz, i 11 ite, 
fragment, quartz and dolomite bearing, , mi c roc 1 i ne , 
bioturbated, partially recrystallized !kaolinite 
,mudstone with stylolites. I I 
I I 
I I 
BC 4-37 12 A I Limestone: Ooid, pellet, peloid , trilobite 11 3.9 !quartz, illite, 
!intraclast, fossil fragment, and quartz 'microcline, 
!bearing, parallel to wavy, dolomitic kaolinite 
'cryptalgalaminae, LLH-stromatolite, bound-
stone with stylolites. 
BC 4-38 13 c Limestone: Dolomite bearing, hematite 0 26.5 microcline, quartz, 
stained, recrystallized, siliceous mud- illite, albite, 
stone with stylolites. kaolinite, chlorite 
BC 4-39 13 c Limestone: Ooid, pellet, peloid, trilobite J 2.3 quartz, illite, 
intraclast, fossil fragment, and dolomite kaolinite, micro-
bearing, bioturbated, mudstone/wackestone ,cline 







Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition 
I BC 4-40 14 A Limestone: Parallel to wavy, silty to 11 3.4 :quartz, microcline, dolomitic cryptalgalaminae, mica and illite, kaolinite 
quartz bearing, hematite stained, LLH-
stromatolite, boundstone with stylolites. 
BC 4-41 14 A Limestone: Parallel to wavy, dolomitic 11 4.2 quartz, microcline, 
cryptalgalaminae, mica and quartz bearing, I illite, kaolinite 
hematite stained, LLH-stromatolite, bound-
stone with stylolites. 
BC 4-42 15 c Limestone: Dolomite bearing, partially J 8.6 quartz, i 11 ite, 
recrystallized, hematite stained, biotur- kaolinite, micro- I bated, mudstone with stylolites. cline I I 
I 
I BC 4-43 15 c Limestone: Dolomite bearing, partially J 2.7 quartz, microcline, 
recrystallized, hematite stained, biotur- i 11 ite, kao 1 i nite 
bated, mudstone with stylolites. 
BC 4-44 15 c Limestone: Dolomite bearing, partially J 7.4 quartz, i 11 ite, 
recrystallized, hematite stained, biotur- mi c roc 1 i ne , 
bated, mudstone with stylolites. kaolinite 
BC 4-45 16 A Limestone: Pellet, peloid, and quartz N 6.8 quartz, i 11 ite, 
bearing, bioturbated intraclastic wacke- microcl ine, 
stone with stylolites. kaolinite 
St. Charles Canyon-Section 5 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Na)lle Type Insoluble Composition 
I I 
I I I > 
I I 
sc 5-1 1 ' c I Limestone: Trilobite and fossil fragment J 2.8 lquartz, i 11 ite, 
lbearing, partially recrystallized, bio- lkaolinite, chlorite 
'turbated, mudstone with stylolites. I I 
I 
I 
sc 5- 2 1 c limestone: Fossil fragment and dolomite J 4.0 lquartz, microcline, 
bearing, bioturbated, hematite stained, 1 i 11 ite, kaolinite, 
peloidal wackestone with stylolites. albite 
sc 5-3 1 c Limestone: Dolomite bearing, hematite c 2.3 quartz, i 11 ite, 
stained, recrystallized mudstone(?) with kaolinite, micro-
stylolites. cline, chlorite 
sc 5-4 1 c Limestone: Dolomite bearing, hematite K 2.8 illite, quartz, 
stained, peloidal wackestone with microcline, 
stylolites. ,kaolinite 
sc 5-5 1 c Limestone: Dolomite bearing, hematite K 3.0 quartz, illite, kao 
stained, peloidal wackestone w/stylolites. 11 ni te, microcline 
sc 5-6 2 A Dolostone: Quartz bearing, hematite A 3.1 quartz, microcline, 
stained, crystalline dolostone with i 11 i te, kaolinite 
stylolites. 
sc 5-7 2 A Dolostone: Glauconite bearing, hematite A 3. 3 quartz, i 11 ite, 
stained, crystalline dolostone with microcline 
stylolites. 
sc 5-8 2 A Dolostone: Quartz bearing, hemati te A 5.1 quartz, i 11 ite, 




Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I 
:sc 5-9 2 A Dolostone: Hematite stained, crysta11 ine A 1.7 l quartz, i 11 ite, 
I dolostone with stylolites. lmicrocline I 
I I 
I I 
1SC 5-10 3 B Limestone: Quartz bearing, hematite E 3. 1 lquartz, illite, 
stained, partially recrystallized, dolo- 1microcline 
mitic oolitic packstone. 
sc 5-11 4 A Limestone: Quartz and mica bearing, 12 30.4 quartz, i 11 ite, 
parallel to wavy, silty to dolomitic kaolinite, albite 
cryptalgalaminae, hematite stained, 
LLH-stromatolite, boundstone with 
stylolites and tempestites. 
sc 5-12 4 A Limestone: Quartz and mica bearing, 12 27.5 quartz, i 11 ite, 
parallel to wavy, silty to dolomitic kaolinite, albite 
cryptalgalaminae, hematite stained, LLH-
stromatolite, dolomitic boundstone with 
stylolites and tempestites. 
sc 5-13 4 A Limestone: Quartz and mica bearing, 12 27.9 illite, quartz, 
parallel to wavy, silty to dolomitic kaolinite, albite 
cryptalgalaminae, hematite stained, 
LLH-stromatolite, dolomitic boundstone 
with stylolites and tempestites. 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment 
I 
Rock Name Type Insoluble Composition 
I I 
1 SC 5-14 5 0 IMudrock: Quartz, mica and dolomite bearing H 56.2 quartz, i 11 ite, 
I parallel to wavy to nodular, platy to kaolinite, chlorite 
lflaggy, medium to thickly laminated, microcl ine 
lburrowed, hematite stained, calcareous 
lmudshale with stylolites. 
I 
I 
sc 5-15 6 A I Limestone: Quartz and mica bearing, 11 7.5 quartz, i 11 ite, 
I parallel to wavy, silty to dolomitic I albite, kaolinite, I 
1cryptalgalaminae, hematite stained, LLH- I chlorite, micro-I 
stromatolite, dolomitic boundstone with I cline I 
stylolites . I ~ 
t 
sc 5-16 7 c Limestone: Quartz and mica bearing, 0 37.6 quartz, i 11 ite, 
partially recrystallized, siliceous kaolinite, chlorite 
,mudstone with stylolites. 
I 
I 
sc 5-17 7 c I Lime stone: Quartz and mica bearing, 0 36.7 quartz, kaoliAite , 
!partially recrystallized, siliceous i 11 ite, a 1 bite, 
I · 'mudstone with stylolites. chlorite 
I 
I 
1 SC 5-18 7 c Limestone: Quartz, mica and silt bearing, 0 9.8 quartz, i 11 ite, 
partially recrystallized, mudstone with kaolinite, micro-
stylolites. cline, chlorite 
sc 5-19 8 A Limestone: Quartz and mica bearing, I1 9.4 quartz, illite, 
parallel to wavy, silty to dolomitic kaolinite, chlorite 
cryptalgalaminae, hematite stained, microcl ine 
LLH-stromatolite, dolomitic boundstone 
with stylolites. 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I I 
:sc 5-20 8 A 'lime stone : Quartz and mica bearing, I1 10 . 1 lquartz, illite, 
parallel to wavy, silty to dolomitic lkaolinite, chlorite 
cryptalgalaminae, hematite stained, LLH- lmicrocline 
stromatolite, boundstone with stylolites. I I 
I 
I 
sc 5-21 8 A Limestone: Ooid, pellet, peloid, trilobite N 2.7 lquartz, illite, 
fossil fragment, dolomite and quartz bear- lmicrocline, 
ling, hematite stained, intraclastic pack- 'kaolinite 
lstone with stylolites. 
I 
I 
sc 5-22 9 c 'limestone: Ooid, pellet, trilobite, fossil J 7.6 quartz, microcline, 
fragment, and quartz bearing, hematite i 11 ite, a 1 bite, 
stained, dolomitic wackestone with chlorite, kaolinite 
stylolites. 
sc 5-23 10 B Limestone: Quartz bearing, hematite E 7.6 lquartz, microcline, 
stained, dolomitic oolitic packstone with lillite, kaolinite, 
I compaction features. 'hematite I 
I 
I 
•sc 5-24 10 B Limestone: Quartz bearing, hematite E 4.4 quartz , microcline, 
stained, dolomitic oolitic packstone/ illite, kaolinite, I 
grainstone with compaction features and hematite. 
stylolites. 
sc 5-25 10 B Limestone: Quartz bearing, hematite E 2.8 quartz, microcline, 
stained, partially recrystallized, hematite 
dolomitic oolitic packstone with compaction 
features. 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
sc 5-26 10 B l Lime stone: Quartz bearing, hematite E 3. 3 - quartz, i 11 ite, 




sc 5-27 10 B 1Limestone: Hematite stained, recrystal- E 4.1 i 11 ite, quartz, 
lized, dolomitic oolitic packstone. kaolinite 
sc 5-28 10 B Limestone: Hematite stained, recrystal- M 2.1 quartz, illite, 
lized, dolomitic oolitic wackestone. microcline 
sc 5-29 I 11 c Limestone: Quartz, microcline, mica, and 0 11.2 quartz, albite, 
dolomite bearing, hematite stained, microcline, illite, 
recrystallized mudstone with stylolites. chlorite, kaolinite 
I 
sc 5-30 12 B Limestone: Quartz bearing, partially M 6.3 Microcline, quartz, 
recrystallized, bioturbated, dolomitic illite, kaolinite, 
oolitic wackestone with compaction albite 
features. 
sc 5-31 13 A Limestone: Microcline and mica bearing, I1 24.0 quartz, albite, 
parallel to wavy, silty to dolomitic montmorillonite, 
cryptalgalaminae, LLH-stromatolite, illite, microcline, 
quartzose dolomitic boundstone with .kaolinite 
stylolites. I 1- I 
I 
I 
sc 5-32 14 c Limestone: Intraclast and dolomite bearing J 16.9 lmicrocline, quartz, 
partially recrystallized hematite stained, lillite, kaolinite, 









Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I I 
sc 5-33 I 14 c I Limestone: Ooid, pellet, trilobite, intra- c 1.9 quartz, microcline, I 
I 
'clast, glauconite, microcline, mica, illite, kaolinite, I 
I quartz and dolomite bearing, hematite chlorite I 
I stained, recrystallized mudstone(?) with I 
I stylolites. I 
sc 5-34 15 B Limestone: Quartz bearing, partially L 5.3 quartz, microcline, 
recrystallized, hematite stained, oolitic, 1llite, kaolinite, 
pelletal packstone with compaction features chlorite 
sc 5-35 15 B Limestone: Quartz bearing, partially E 2.3 ,microcline, quartz, 
recrystallized, hematite stained, pelletal ,1 lillite, kaolinite 
oolitic packstone with compaction features. I I 
I 
I 
sc 5-36 16 I c Limestone: Quartz and pellet bearing, c 3.1 I quartz, microcline, 
highly recrystallized, hematite stained, 1 albite, illite 
oolitic wackestone with compaction features 
sc 5-37 16 c Limestone: Quartz bearing, highly recry- c 2.3 quartz, microcline, 
stall ized, mudstone with stylolites. i 11 ite, kaolinite 
sc 5-38 17 A limestone: Quartz bearing, highly recry- B 7. 5 quartz, microcline, 
stall ized, dolomitic crystalline carbonate. illite, kaolinite, 
chlorite 
sc 5-39 17 A Limestone: Quartz bearing, highly recry- B 10.0 quartz, microcline, 
stall i zed, dolomitic crystalline carbonate. illite, kaolinite, 
chlorite 
sc 5-40 17 A Limestone: Ooid, dolomite and quartz N 1.9 ,microcline, quartz, 
bearing, hematite stained, intraclastic lillite, kaolinite 




Sample Envi- Rock Percent Insoluble Residue Number Unit ronment Rock Name Type Insoluble Composition I 
I I 
'SC 5-41 18 c 'Limestone : Trilobite, fossil fragment, J 4.8 quartz, microcline, 
dolomite and quartz bearing, hematite ka&linite, illite, 
bearing, bioturbated, mudstone with chlorite 
sty 1 o 1 ite s • 
sc 5-42 18 c Limestone: Partially recrystallized, 0 3.7 quartz, microcline , 
bioturbated, fractured, mudstone with a 1 bite , i 11 ite , 
stylolites. chlorite 
sc 5-43 18 c Limestone: Dolomite bearing, hematite c 2.9 quartz, microcl i ne, 
!stained, recrystallized, fractured, bio- i 11 i te 
lturbated(?), mudstone(?) with stylolites. 
I 
I 
sc 5-44 19 A l Lime stone: Quartz bearing, highly B 4.5 quartz, microcline, 
!recrystallized, dolomitic crystalline illite, chlorite I carbonate. 
I 
I 
sc 5-45 20 c 'Limestone: Trilobite, intraclast, fossil J 5.7 microcline, quartz, 
fragment, dolomite and quartz bearing, i 11 ite, ch 1 orite 
hematite stained, partially recrystallized, 
bioturbated, mudstone with stylolites . 
sc 5-46 20 c Limestone : Dolomite bearing, hematite J 7.8 quartz, microcline, 
stained, bioturbated, mudstone with i 11 ite , a 1 bite , 
stylolites. kaolir:~ite 
sc 5-47 20 c Limestone: Pellet, peloid, trilobite, J 6.7 microcline, quartz, 
foss i1 fragment, dolomite and quartz i 11 i te 
bearing, hematite stained bioturbated, 
intraclastic wackestone with stylolites. 
U1 
N 
Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment 
I 
Rock Name Type Insoluble Composition 
I I I 1SC 5-48 20 c :Limestone: Trilobite, fossil fragment, J 4.0 1microcline, quartz, 
~and dolomite bearing, hematite stained, kaolinite, illite 
bioturbated, fractured, mudstone with 
stylolites. 
sc 5-49 20 c Limestone: Ooid, pellet, peloid, trilobite J 3.9 microcline, quartz, 
fossil fragment, and dolomite bearing, i 11 ite 
hematite stained, bioturbated, highly 
fractured, mudstone with stylolites. 
sc 5-50 20 c Limestone: Dolomite bearing, hematite J 5.3 quartz, 'ill fte, 
stained, bioturbated, mudstone with kaolinite, micro-
stylolites. cline, chlorite 
sc 5-51 20 c Limestone: Dolomite bearing, hematite 
stained, bioturbated(?), highly recrystal-
lized, fractured, mudstone(?) with 
styl o 1 ites. 
sc 5-52 20 c Limestone: Ooids, pellets, peloids, J 1.0 microcline, quartz, 
trilobites, fossil fragments, and dolomite illite, kaolinite, 
bearing, hematite stained, fractured, bio- chlorite 
turbated, partially recrystallized, mud-
stone/wackestone with stylolites. 
sc 5-53 20 c Limestone: Pellet bearing, bioturbated, 1( 2.5 1microcline, quartz, 
peloidal \'lackestone. :illite, kaolinite 
I 
I 
sc 5-54 20 c Limestone: Partially recrystallized, bio- 0 0.6 :quartz, microcline, 






Sample Envi- Rock Percent Insoluble Residue 
Number Unit ronment Rock Name Type Insoluble Composition 
I 
I I I 
: sc 5-55 20 c 'limestone: Pellet and dolomite bearing, K 1.1 : i 11 ite, quartz, 
I hematite stained, peloidal wackestone with lmicrocline, I 
I stylolites. lkaolinite I 
I I 
~ I 
•sc 5-56 20 c limestone: Peloid and dolomite bearing L 0.7 lquartz, kaolinite, 
hematite stained, oolitic and pelletal i 11 ite 
packstone with stylolites. 
sc 5-57 20 c limestone: Dolomite bearing, highly c 3.5 quartz, mi c roc 1 i ne , 
recrystallized, mudstone with stylolites. illite, kaolinite 
sc 5-58 20 c Limestone: · Dolomite bearing highly 
recrystallized, fractured, mudstone with 
stylolites. 
sc 5-59 20 c Limestone: Dolomite bearing, highly c 1.3 quartz, illite, 
recrystallized, hematite stained, microcline 
:mudstone(?) with stylolites. 
I 
I 
sc 5-60 20 c 'lime stone: Dolomite bearing, highly c 1.3 quartz, illite, 
recrystallized, mudstone(?) with kaolinite, micro-




Measured Stratigraphic Sections 
Explanation 
- - - - - -
- --- - - -
-- - - - -
- - -- - - -
Mud rock 
- - - - - -
- --















Mud rock Float 
IT 




A: Per i tidal Carbonate Complex 
8: Agitated Carbonate Shoal 
C: Inner Marine Shelf 
0: Outer Marine Shelf 
156 
Section 1 
Location: Mink Creek, measured southwest to northeast along a north-
northwest facing slope approximately 100 meters east of 
Mink Creek, about 4 kilometers south of the settlement of 
Mink Creek, Idaho . Strike N 10° W, Dip 17°, T. 13 S. , R. 




Sharp, Planar Contact 
Ute Formation 
Limestone, dark to medium dark gray, (N3-N4), 
weathers to a medium light gray (N6), fine 
crystalline, sucrosic and mottled texture, medium 
to thick planar bedding, 20-30 em, silty blebs, 




and intraclastic limestone .. . .. ... .... 2.77 
Unit 17: Limestone, dark to medium dark (N3-N4), weathers 
to a medium 1 ight gray (N6), fine crystalline, 
sucrosic textured, thick planar bedding, 40-45 em, 
intraclastic limestone .... ...... . .. . 10.15 
Unit 16: Limestone, dark gray, (N3), weathers to a light 
gray, (N7), fine crystalline, sucrosic textured, 
thick planar bedding, 45-50 em, limestone 4.9 
Unit 15: Limestone, dark gray, (N3), weathers to a light 
gray, (N7), fine crysta 11 i ne, sucros i c textured, 
thick planar bedding, 26-30 em, oolitic 
limestone .. · . . . . . . . . 5. 54 
Unit 14: Limestone, dark to medium light to very light 
gray, (N3-N8), weathers to a medium light to a 
very 1 ight gray, (N5-N8), fine crystalline, 
sucrosic and mottle textured, thick planar 
bedded, 30-60 em, bioturbate, oolitic or pelletal 
1 i me stone 
Unit 13: Limestone, dark gray, (N3), weathers to a medium 
light gray, (N6), fine crystalline, sucrosic 
textured, medium to thick bedded, 10-30 em, 
8.9 
oolitic limestone. . . . . . . . . . 7.3 
Unit 12: Limestone, light to very light gray, (N7-N8), 
weathers to a 1 i ght to very 1 i ght gray, (N7 -N8), 
fine crystalline, sucrosic textured, thick planar 
bedded, 30-45 em, intraclastic limestone ..... 13.85 
158 
Unit 11 : Limestone, dark to medium light gray, (N3 -N6) , 
weathers to a med i um to light gray, (N6 -N7) , fine 
crystalline , sucrosic and mottle textured , silty 
blebs, grayish orange, (10 YR 7/4) , bioturbated , 
thick planar bedded , 30-45 em, limestone . .... 22 . 45 
Unit 10 : Limestone, dark gray, (N3), weathers to a medium 




sucrosic and slightly mottle textured, hematite 
and/or l i monite stained~ pale red, (10 R 6/2) , 
fractu red, calcite veined , medium planar bedded , 
15 - 20 em , oolitic limestone . . .. . .. . .. . 9.23 
Ute Formation 
Sharp, Conformable Contact 
Langston Format i on 
Limestone, dark gray (N3) , weathers to a medium 
dark gray (N4), fine crystalline, sucrosic 
textured , silty blebs, grayish orange, (10 YR 
6/2), trace and vertical burrows, limestone 10 . 5 
Limestone, medium dark gray, (N4), weathers to a 
light gray, (N6), fine crystalline, sucrosic 
textured, hemat i te and/or limonite stained, 
calcite veined, medium to thick bedded, 20-45 em , 
oolitic limestone . . . . 5.85 
Limestone, dark to medium dark gray, (N3-N4), 
weathers to a medium to light gray (N5-N7), fine 
crystalline, sucrosic and mottle textured, silty 





fractured, calcite veined, hematite and/or 
limonite stained (10 R 6/2), medium to thick 
planar bedded, 18-30 em , bioturbated, 
1 i mestone . . . . . . . 33 .0 
Limestone, medium gray, (N5), weathers to a light 
medium gray, (N6), fine crystalline, sucrosic 
textured, interbedded with thinly laminated silty 
layers, grayish orange, (10 YR 7/4), hematite 
and/or limonite stained, pale red , (10 R 6/2} , 
medium planar bedded, 10-25 em , intraclastic 
limestone ... . .... . .... . . 
Limestone, dark to medium gray, (N3 -N5) , to a 
medium bluish gray, (5 B 6/1) , weathers, to a 
medium light to light gray, (N6-N7), fine 
crystalline , sucrosic and mottle textured, 
interbedded with thinly laminated silty layers , 
grayish orange, (10 YR 7/4) to a pale yellowish 
orange, (10 YR 6/2), trace and vertical burrows, 
thin to medium, planar to wavy bedded, 2.0-15 em , 
8.6 
limestone . . . . . . . . . . . . . . . . 32 .6 
Mudrock, mudshale, clayshale, grayish olive, (10 Y 
4/2), weathers to a pale olive, (10 Y 6/2) to a 
light brownish gray, (6 YR 6/1), parallel to wavy 
to nodular, fissile, medium to thickly laminated, 
trace and vertical burrows, calcareous, 





limestone, dark gray, (N3), weathers to a medium 
to light gray, (N5-N7), fine crystalline, 
sucrosic textured, parallel to wavy, silty 
cryptalgalaminae, weathers to a moderate 
yellowish brown, (10 YR 5/4) to a light brownish 
gray, (5 YR 6/1), cryptalgalaminae stand in 
relief, lower 4 meters contain an interbedding of 
tempestites approximately 1 em thick, thickly 
bedded, 30 -60 em, micaceous limestone 
limestone, dark gray, (N3), weathers to a medium 
gray, (N5), fine crystalline, sucrosic textured, 
13 . 23 
thick bedded, 30 -45 em, oolitic limestone .... 3. 9 
Limestone, dark gray, (N3), weathers to a medium 
to light gray, (N5-N7), fine crystalline, silty 
cryptalgalaminae, weathers to a moderate 
yellowish brown, (10 YR 5/4) , to a light brownish 
gray, (5 YR 6/1), cryptalgalaminae stand in 
relief, upper 3.5 meters contain an interbedding 
of tempestites approximately 1 em thick, thickly 
bedded, 30-60 em, micaceous, limestone. 13 . 23 
Tot a 1 216.5 
Langston Formation 
Covered Contact 
Geersten Canyon Quartzite 
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Location: Soda Point, measured northwest to southeast, along a north-
northwest facing ridge line, approximately 8 kilometers 
northeast of Grace, Idaho. Strike N 70° E, Dip 25°, T. 9 




Sharp, Planar Contact 
Ute Formation 




\ J .,< 
\. -./ 
Map location: Drawn in line shows location of measured 
stratigraphic section 
Limestone, dark gray, (N3), weathers to a light 
gray, (N7), fine crysta 11 i ne, sucres i c textured, 
thick bedded, 30-40 em, hematite and/or limonite 
stained, stylolites, limestone 
Limestone, medium dark gray, (NS), weathers to a 








cryptalgalaminae, weathers to a moderate 
yellowish brown, (10 YR 5/4), to a light brownish 
gray, (5 YR 6/1), cryptalgalaminae stand in 
relief, medium to thickly bedded, 20-30 em, 
limestone . . . . . . . 4.3 
Limestone, dark to medium gray, (N3-N5), weathers 
to a medium light to very light gray, (N6-N8), 
fine crystalline, sucrosic and mottle textured, 
silty blebs, weather to a grayish orange, (10 YR 
7/4), trails and vertical burrows, slightly 
bioturbated, hematite and/or limonite stained, 
pale red, (10 R 6/2), limestone . . 31.7 
Limestone, pale reddish brown (10 R 5/4) to a 
greenish gray, (5 GR 7/4), weathers to a pinkish 
gray, (5 YR 8/1), to a greenish gray, (5 GR 7/4), 
fine crystalline, medium to thick bedded, 20-65 
em, oolitic ironstone, limestone; in the upper 
portion lies an 8 em thick layer of sandstone, 
calcareous, grayish red, (10 R 4/2) weathers to a 
grayish red, (10 R 4/2) . . . . . . . . . . . . 2.77 
Ute Formation 
Sharp , Conformable Contact 
Langston Formation 
Limestone, medium dark gray, (N4), weathers to a 
grayish orange, (10 YR 7/4), parallel to wavy, 
silty cryptalgalaminae, cryptalgalaminae stand in 
relief, medium to thick bedded, 18-27 em, fine 
164 
Unit 3: 
Un i t 2: 
Unit 1: 
crystalline, sucrosic textured, micaceous 4.3 
Dolostone, 1 ight to very 1 ight gray, (N7-N8), to 
a pinkish gray, (5 YR 8/1), weathers to a very 
light to light gray, (N7-N8), to a pinkish gray 
(5 YR 8/1) to a dark yellowish brown, (10 YR 
4/2), heavily fractured, massively bedded, 
hematite and/or limonite stained, wavy 
disconformable lower contact, sharp conformable 
upper contact, crystalline dolomite . . ... 
Limestone, dark to medium dark gray, (N3-N4), 
weathers to a medium light gray, (N6) , fine 
crystalline , sucrosic textured, fracture , calcite 
veined , thick bedded, 30-35 em, intracl astic 
1 imestone . . . . . . . . . 
Limestone, dark to medium dark gray, (N3 -N4), 
weathers to a medium light gray, (N6) , fine 
crystalline, sucrosic textured, silty blebs, 
weathers to a grayish orange, (10 YR 7/4), medium 
to thick bedded 14-32 em , fractured, calcite 
veined , hematite and/or limonite stained , 







Geersten Canyon Quartzite 
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Location : Marsh Creek, measured west to east along a west facing high 
mountain ridge approximately 1 kilometer north of the right 
fork of Marsh Creek and 10 kilometers west of Zenda, Idaho. 
Strike N 80° E, Dip 43°, T. 11 S., R. 38 E. Section 34 and 
27 ~ Cottonwood peak Quadrangle. 
Unit 16 : 
Blacksmith Formation 
Sharp, Wavy Contact 
Ute Formation 
Map location : Drawn in lines represent measured 
stratigraphic sections 
Limestone, dark to medium dark, (N3-N4), weathers 
to a medium light gray, (N6), silty blebs, 
weathers to a grayish orange, (10 YR 6/1), fine 
crystalline, sucrosic textured, medium to thick 
bedded, 5-36 em, hematite and/or limonite 




to a grayish orange, (10 YR 6/1), present in the 
middle 6 meters of outcrop, limestone . . . 49.5 
Unit 15: Mudshale, light olive gray, (5 Y 5/2), weathers 
to a light olive gray, (5 Y 5/2), parallel to 
wavy to nodular, fissile, medium to thickly 
laminated, trail and vertical burrows, 
calcareous, micaceous, mudshale ...... 1.85 
Unit 14: Limestone, medium dark gray, (N4), to moderate 
yellowish brown, (10 YR 5/4) , weathers to a pale 
yellowish brown , (10 YR 6/2), fine crystalline, 
trail and vertical burrows, silty limestone . .. 1.9 
Unit 13 : 
Unit 12 : 
Unit 11 : 
Unit 10: 
Mudshale, 1 ight olive gray, (5 Y 5/2), VJeathers 
to a 1 ight olive gray, (5 Y 5/2), parallel to 
wavy, fissile, medium to thickly laminated, trail 
and vertical burrows, calcareous, micaceous, 
mudshale 
Lime stone , medium dark gray , (N4), weathers to a 
medium light gray, (N6), fine crystalline, 
sucrosic textured, thin to medium bedded, 3-15 em, 
oolitic limestone ... 
Limestone: medium dark gray, (N4), weathers to 
a medium light gray, (N6), fine crystalline, 
sucrosic textured, medium to thickly bedded, 
1.5 
2. 1 
15 - 28 em, slightly bioturbated, limestone . 11.1 
Lime stone, medi urn dark gray, (N4), weathers to a 
medium light gray, (N6), to a grayish orange , 






cryptalgalaminae, cryptalgalaminae stand in 
relief, thick bedded, 30-50 em, fine crystalline, 
sucrosic textured, hematite and/or limonite 
stained, limestone . . . . . 12 .0 
Limestone, medium light gray, (N6), weathers to a 
med i urn 1 i ght gray, (N6), fine crysta 11 i ne, 
sucrosic textured, fractured, calcite veined, 
medium to thickly bedded, 13-29 em, intraclastic 
limestone . . . . . . . . . . . . 13.8 
Limestone, medium dark gray, (N4), weathers to a 
light gray, (N7), fine crysta 11 i ne, sucros i c 
textured, fracture, calcite veined, hematite 
and/or limonite stained, medium to thickly 
bedded, 15-55 em, oolitic limestone . . . . 9. 23 
Ute Formation 
Sharp, Planar Contact 
Langston Formation 
Limestone, medium dark gray, (N4), weathers to a 
1 ight gray, (N7), fine crystalline, slightly 
bioturbated, fractured, calcite veined, medium 
bedded , 10-20 em, interbedded with silty layers, 
thinly laminated, weathers to a grayish orange, 
(10 YR 6/1), limestone .. 
Limestone, grayish red, (10 R 6/2), to a pa 1 e 
red, (10 R 6/2), weathers to a grayish pink, 
(5 R 8/2), fine crystalline, silty 





Un i t 3: 
Unit 2: 
Unit 1: 
relief, interbedding of planar to slightly wavy 
silty tempestites approximately 1 em thick, thick 
bedded, 30 -60 em, fractured, calcite veined, 
micaceous limestone . 
Limestone, dusky yellow, (5 Y 6/4), weathers to a 
grayish yellow, (5 Y 8/4), fine crystalline, 
sucrosic textured, medium to thickly bedded, 15-
30 em, peloidal limestone 
Limestone, dark gray, (N3), weathers to a 
medium 1 ight gray , (N6) , fine crystalline , 
sucros i c textured, hematite and/ or limonite 
stained , med i um bedded , 20-25 em, oolitic 
limestone . . . 
Mud rock , mudsha 1 e, grayish o 1 i ve, (10 Y 4/2), 
weathers to a pale olive (10 Y 6/4) to a light 
brownish gray (5 YR 6/1), parallel to wavy, 
medium to thickly laminated , fissile, burrowed, 
hematite and/or limonite stained, micaceous , 




but with shale in float . . . . . . . 61 . 5 
Limestone , dark gray , (N3), weathers to a light 
gray, (N7) , fine crystalline , silt blebs, 
weathers to a moderate yellowish brown, (10 YR 
5/4) , sucrosic textured, slightly bioturbated, 
intraclastic and peloidal limestone .. 
Limestone , dark gray, (N3), weathers to a medium 
gray , (NS) , coarse crystalline, sucrosic 
7.7 
170 
textured , hematite and/or limonite stained, 
weathers to a grayish orange (10 YR 7/4), quartz, 
oolitic limestone . . . . . . . . . . . . 3.4 
Langston Formation 
Intercalated Contact 
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Location: Bloomington Canyon, measured southeast to northwest on a 
south-southeast facing slope approximately 5 kilometers 
from the mouth of Bloomington Canyon. Strike N 10° W, Dip 
14°, T. 13 S., R. 38 E. Section 20, Paris Quadrangle. 
Unit 18 : 
Unit 17 : 
Blacksmith Formation 
Sharp, Wavy Contact 
Ute Formation 
Map location : Drawn in lines represent measured 
stratigraphic section 
Li mestone, dark to medium dark gray, (N3-N4}, 
weathers to a 1 i ght gray, (N7), fine crysta 11 i ne, 
sucrosic textured, burrowed, medium to thick 
Thickness 
in Meters 
bedded, 18-30 em ., intraclastic limestone. . 1.1 
Limestone, dark to medium gray, (N3-N4), weathers 
to a light gray, (N7}, fine crystalline, sucrosic 
textured, bioturbated, medium bedded, 8-20 em, 
173 
fractured, calcite veined, limestone ...... 5 
Unit 16: Limestone, dark gray, (N3), to yellowish gray, (5 
Y 8/1), weathers to a medium light gray, (N6), to 
a grayish orange, (10 YR 7/4), fine crystalline, 
sucrosic textured, parallel to wavy, silty 
cryptalgalaminae, hematite and/or limonite 
stained, thick bedded, 25-40 em micaceous, 
limestone ......... . 
Unit 15: Limestone, medium dark gray, (N4), weathers to a 
light gray, (N7), fine crystalline, sucros i c 
textured, bioturbated, medium bedded, 8-15 em, 
siliceous limestone . 
Unit 14 : Limestone, dark gray, (N3), to yellowish gray, (5 
Y 8/1), weathers to a medium light gray, (N6), to 
a grayish orange, (10 YR 7/4), fine crystalline, 
sucrosic textured, parallel to wavy, silty 
cryptalgalaminae, cryptalgalaminae stand in 
relief, hematite and/or limonite stained, medium 
5.85 
2.15 
to thick bedded, 20-30 em, limestone .... 1.55 
Unit 13: Limestone, dark to medium gray, (N3-N4), weathers 
to a medium light to light gray, (N6-N7), fine 
crystalline, sucrosit and mottle textured, 
bioturbated, silty blebs, weathers to a grayish 
orange, (10 YR 7/4), hematite and/or limonite 
stained, fractured, calcite veined, medium to 
thick bedded, 15-35 em, limestone ........ 73.0 
174 
Un i t 12: 
Unit 11: 
Unit 10 : 
Unit 9: 
Unit 8: 
Limestone, dark gray, (N3), weathers to a medium 
light gray, (N6), fine crystalline, sucrosic 
textured, medium to thick bedded, 15-60 em, 
oolitic limestone 
Ute Formation 
Sharp, Conformable Contact 
Langston Formation 
Limestone, medium dark gray, (N4}, weathers to a 
medium light to light gray, (N6-N7), fine 
crystalline, sucros i c textured, mudcracks, 
weathers to a grayish orange, (10 YR 7/4), thick 
bedded, 25 -35 em, limestone . 
Limestone, medium dark gray, (N4), weathers to a 
light gray, (N7), fine crystalline, sucrosic 
textured, medium to thick bedded, 8-30 em, upper 
9 meters is poorly exposed to covered, 
9.25 
1.1 
limestone . . . . . . . . 12.0 
Limestone, medium dark gray, (N4), weathers to a 
medium light gray, (N6), parallel to wavy, silty 
cryptalgalaminae, cryptalgalaminae stand in 
relief, tempestites, weather to a grayish orange, 
(10 YR 7/4), approximately 1-2 em thick 
interbedded with cryptalgalaminae, hematite 
and/or limonite stained, medium to thick bedded, 
20-35 em, micaceous, limestone ..... 
Limestone, medium dark to light gray, (N4-N7), 








N7), fine crystalline, sucrosic and mottle 
textured, bioturbated, some silt blebs, weather 
to a grayish orange, (10 YR 7/4), medium to thick 
bedded, 12-32 em, limestone . . . . . . . . 32 . 2 
Limestone , dark gray, (N3), to a light brownish 
gray, (5 YR 6/1), weathers to a medium light 
gray, (N6), to a pinkish gray, (5 YR 8/1), fine 
crystalline, sucrosic textured, hematite and/or 
limonite stained, medium bedded, 5-10 em, oolitic 
limestone . . . . . . . . . .. . 12.6 
Limestone, dark gray, (N3), weathers to a medium 
light gray , (N6) , fine crystalline, sucrosic 
textured, bioturbated, medium bedded , 5- 15 em , 
pelletal and peloidal limestone . . . . . . . 5.85 
Limestone, dark to medium dark gray, (N3-N4), 
weathers to a medium light gray, (N6), fine 
crystalline, sucrosic textured, parallel to wavy, 
silty cryptalgalaminae, cryptalgalaminae stand in 
relief, weather to a grayish orange, (10 YR 7/ 4) , 
hematite and/ or limonite stained, medium bedded, 
5- 25 em , limestone 
Li mestone, mostly covered slope, with limestone 
6. 15 
float . . . . . . . . . . . . . . . . . . . . . 49 .7 
Limestone, dark to medium dark gray, (N3-N4), 
weathers to a medium light gray, (N6), fine 
crysta 11 i ne, sucros i c textured, para 11 e 1 to wavy, 




relief, weather to a grayish orange, (10 YR 7/4), 
hematite and/or limonite stained, medium to 
thickly bedded, 15-30 em, lower one-half meter 
contains tempestites, limestone . . . . . . . 2.8 
Mudrock, mudshale, greenish gray, (5 GY 6/1), 
weathers to a yellowish gray, (5 Y 8/1), parallel 
to wavy, fissile, medium to thickly laminated, 
burrowed, calcareous mudshale . . . . . . . . . 3.5 
Limestone, medium dark gray, (N4), weathers to a 
light gray, (N7), fine crystalline, sucrosic 
textured, medium to thick bedded, 20-30 em, 
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Coastal - Perltlda\ 
!Carbonate Complex 
Section 5 
Location: St. Charles Canyon, measured south to north on a south 
facing slope 7 kilomete~s from the mouth of Paris Canyon, 9 
kilometers west of the town of Paris, Idaho. Strike N 15° 
E, Dip 26°, T. 14 S., R. 43 E. Sections 16 and 17, St. 
Charles Quadrangle. 
Unit 20 : 
Blacksmith Formation 
Sharp, Planar Contact 
Ute Formation 
Map location: Drawn in line represents measured 
stratigraphic section 
Limestone, medium dark to medium light gray, (N4 -
N6), weathers to a light to very light gray, (N7-
N8), fine to coarse crystalline, sucros i c and 
mottle textured, slightly bioturbated , silty 
blebs, weather to a grayish orange, (10 YR 7/4), 
Thickness 
in Meters 




Unit 17 : 
Unit 16 : 
Unit 15 : 
Limestone, medium light gray, (N6), weathers to a 
light gray, (N7), coarse crystalline, fractured, 
calcite veined, hematite and/or limonite stained, 
dolomitic limestone . . . . . . . . . . . 4.6 
Limestone, medium light gray, (N6), weathers to a 
very light gray, (N8), fine crystalline, sucrosic 
textured, fractured, calcite veining, slightly 
bioturbated, medium bedded, 8-24 em, limestone. 
Limestone, medium light gray, (N6), weathers to a 
light gray, (N7), coarse crystalline, fractured , 
calcite veined, hematite and/or limonite stained, 
medium to thick bedded, 10-35 em, dolomitic 
limestone . ... 
Limestone, dark to medium light gray, (N3-N6), 
weathers to a light gray, (N7), fine crystalline, 
sucrosic and mottle textured, slightly 
bioturbated, silty blebs, weathers to a grayish 
orange, (10 YR 7/4), medium bedded, 5-20 em 
lime stone . 
Medium gray, (N5), to grayish orange, (10 YR 
7/4), to pink, (5 YR 7/2), weathers to a grayish 
orange, (10 YR 7/4), fine to coarse crystalline, 
sucrosic textured, hematite and/or limonite 
stained, thick bedded, 28-40 em, oolitic 












Sharp, Planar Contact 
Langston Formation 
Limestone, medium gray, (N5), weathers to medium 
1 ight to 1 ight gray, (N6-N7), fine crystalline, 
sucrosic textured, trails and vertical burrows, 
silty blebs, weather to a grayish orange, (10 YR 
7/4), hematite and/or limonite stained, medium 
bedded 5-20 em silty limestone. . . . .... 10.8 
Limestone, dark gray, (N3) weathers to a 1 i ght 
gray, (N7), fine crystalline, sucrosic textured, 
parallel to wavy, silty cryptalgalaminae, 
cryptalgalaminae are in relief, weather to a 
grayish orange, (10 YR 7/4), hematite and/or 
limonite stained, medium bedded, 15-25 em, 
1 i me stone . . . . . . . . . 
Limestone, dark gray, (N3), weathers to a medium 
1 i ght gray, (N6), fine crysta 11 i ne, sucros i c 
textured, medium bedded, 10-18 em, oolitic 
limestone ... 
Limestone, dark gray, (N3), weathers to a med i urn 
1 ight gray, (N6), fine crystalline, sucrosic 
textured, possibly bioturbated, medium bedded, 
2.8 
2.1 
10-15 em, limestone . . . . . . . . . . . 7.4 
Limestone, medium light gray, (N6), weathers to a 
1 i ght gray, (N7), fine crysta 11 i ne, hematite 






orange, (10 YR 7/4) to a pale yellowish orange, 
(10 YR 8/ 6) , medium bedded, 10-10 em , oolitic 
1 i me stone . . . . . . . . . . . . . . . . 4.6 
Limestone, medium gray, (N5), weathers to a light 
gray, fine crystalline, sucrosic textured, 
hematite and/or limonite stained, possibly 
burrowed, silty bleds, weather to a grayish 
orange, (10 YR 7/4), medium bedded, 5-20 em, 
bottom 18.5 meters is poorly exposed to covered, 
limestone . . . . . . . 31.42 
Lime stone, dark gray, (N3) , weathers to a 1 i ght 
gray , (N7), fine crystalline, parallel to wavy, 
silty cryptalgalaminae, cryptalgalaminae stand in 
relief, weathers to a grayish orange , (10 YR 
7/ 4), to a pale yellowish orange, (10 YR 8/ 6) to 
moderate pink, (5 R 7/4), hematite and/ or 
limonite stained , medium bedded , 5-20 em, 
1 imestone .... 
Limestone , dark gray, (N3), weathers to a light 
gray , (N7) , fine crystalline , sucrosic textured, 
possibly bioturbated, medium bedded, 12-20 em, 
upper 17 meters is poorly exposed to covered, 
. 10 .8 
limestone . . . . 21.0 
Limestone, dark gray, (N3), weathers to a light 
gray, (N7), fine crystalline, sucres i c textured, 
parallel to wavy cryptalgalaminae, 







grayish orange, (10 YR 7/4), hematite and/or 
limonite stained, medium bedded, 12-20 em, 
limestone ... . 
Mudrock, mudshale, light olive gray, (5 Y 5/2), 
weather to a yellowish gray, (5 Y 7/2), parallel 
to wavy, medium to thickly laminated, fissile, 
trail and vertical burrowed, micaceous, 
mudsha l e . . . . . . . . . . . . 
Limestone, medium dark to medium gray, (N4-N5), 
weathers to a light gray, (N7), fine crystalline, 
sucrosic textured, parallel to wavy, silty 
cryptalgalaminae, cryptalgalaminae stand in 
relief, weathers to a yellowish gray, (5 Y 7/2), 
hematite and/or limonite stained, medium to thick 
bedded, 13 -35 em , with tempestites interbedded, 
1-2 em thick, micaceous limestone 




limestone float . . . . . . . . . . . . . . 14.0 
Dolostone, medium dark to light gray , (N4-N7), 
weathers to a medium light to light gray, (N6-
N7) , coarse crystalline, thick bedded, 25-40 em, 
fractured, crystalline dolomite .... 
Limestone, dark gray, (N3), weathers to a medium 
gray , (N5) , fine crystalline, sucrosic textured, 
bioturbated, medium to thick bedded, 5-30 em, 
5.5 
183 
silty bleds, weather to a grayish orange , (10 YR 
7/4), limestone . . . . . . . . . . . . 10.7 
Langston Formation 
Sharp, Conformable (?) Contact 
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A total of five different cluster analyses were run using 
different combinations of the four categories (Table 2). The 
different combinations of the four categories for each of the cluster 
analyses were: 
--Cluster Analysis One included all four categories 
(standardized). 
--Cluster Analysis Two included the categories of Allochems, 
Structures, and Insoluble Residues, excluding the two average 
grain size attributes (not standardized). 
--Cluster Analysis Three included the categories of 
Allochems and Diagenetic Features with the added insoluble 
residue percent attribute (not standardized). 
--Cluster Analysis Four included the categories of 
Structures and Insoluble Residues, excluding the two average 
grain size and insoluble residue percent attributes. In 
addition, compaction and stylolite attributes were included 
from the Diagenetic Features category (not standardized). 
- -Cluster Analysis Five included the category of Allochems 
only (not standardized). 
Examination of each cluster analysis print-out was concentrated 
on the dendrogram. A line was drawn through each dendrogram in order 
to separate the dendrogram into lithofacies. The Euclidean distance 
selected, for each of the five cluster dendrograms, in which a line 
187 
was drawn to separate each dendrogram into smaller clusters were 46.8, 
30.4, 55.6, 3.2, and 4.2, respectively. Each 1 ithofacies was then 
further divided into rock types. Each sample under the respective 
rock type was recorded, and each rock type was named in detail using 
the attributes of each sample which in turn defined the range of 
characteristics for that particular rock type. This process was 
continued until each sample was assigned a rock type. This entire 
process was performed on all five cluster analyses, and the results 
are as fallows : 
Table 2: Attributes Used in Cl uster Analysis Arranged Into Four 
Categories . 




4. Tri 1 obi tes 
5. Micritic Intraclasts 
6. Sparite Intraclasts 
9. Onkoids 
10. Fossil Fragments 
7. Micrite 
8. Quartz 
11 . Glauconite 
12 . Mica 
13. Microcline 
14. Albite 
INSOLUBLE RESIDUE WITH AVERAGE GRAIN 














Insoluble Residue Percent 
* * * Quartz 
* * * Microeline 
* * * Albite 
* * * Hematite 
***Mica and Illite 
***Kaolinite 
* * * Chlorite 
* * * Montmorillonite 
Average Grain Size Carbonate 
Average Grain Size Noncarbonate 
recorded as presence vs. absence 
37 . Sparite 
31. Microspar 
34 . Do 1 amite 1 
35. Dolomite 2 
36 . Do 1 amite 3 
32. Mosaic Cement 
33 . Fibrous Rim Cement 
38 . Hematite 
39 . Porosity 
41 . * Compaction 
40 . *Stylolites 





















* * * 
recorded as less than 5 em or more than 5 em 
minerals present as determined by x-ray analysis 
order of decreasing peak heights 
were recorded in 
- - Insoluble residue percent appears as weight percent. 
--Petrographic data was recorded as a percentage of thin 
sections. 
--Average grain size carbonate and noncarbonate were recorded in 
millimeters . 
--Cluster Analysis One was separated into 18 different rock 
types. 
- -Cluster Analysis Two was separated into 11 different rock 
types . 
--Cluster Analysis Three was separated into 16 different rock 
types. 
- -Cluster Analysis Four was separated into 21 different rock 
types. 
--Cluster Analysis Five was separated into 15 different rock 
types . 
An additional 214 by 10 data matrix was developed using all 
samples versus each of the five different rock types they were 
assigned. A cluster analys i s was then performed on this second data 
matrix to assist in the final selection to rock types . 
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Table 3. Data Matrix. Co 1 umn 1 refers to 
2. The headings of each column, 
attributes found in Table 
except Column 1, refer to 
sample numbers. 
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